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MIL-STD-1540C

FOREWORD

This Military Standsrd is approved for use by ail Departments and Agencies of the
Department of Detense.

Beneficial comments (recommendations, additions, or deletions) and any pertinent
data which may be of use in improving this document should be provided by using
the self-addressed Standardization Document improvement Proposal (DD Form
1426), sppearing at the end of thus document, or by letter addressed to:

Speace snd Missile Sysiems Center, SMC/SDFP
160 Skynet Street, Suite 2315
Los Angeles AFB, CA 90245.4683

A successful on-orbit system means that sl flight vehicles (launch, upper-stage,
space), computer software, ground squipment, facilities, procedures, snd psople
operate properly and in 8 timely way. Extensive testing at every leve! of assembly
has been cost effective in assuring successful hardware and software designs and
operations. As a cornerstone of this activity, thia Standard establishes the
environmental and structwral ground testing requirements of flight vehicles, snd of
ther associated subsystems and units. In addition, this Standard establishes a
uniform sat of definitions of related terms.

To supplement these requirements, other sreas of the testing baseline required for
mission success are addressed in other documants. Typical test requirements for
parts, materials. end processes are in their detailed specifications. Typical test
reguirements for the applicsble ground equipment and associated computer
software are outlined in MIL-STD-1833. These tests include integrated system
tests (Step 3 tests), and operstions! teats (Step 4 gnd Step 5 tests). Computer
softwars test requirements are 8!so addressed in DOD-5TD-2187.

As described in this Standard, the formal complisnce tests for flight vehicle
equipment start at the unit level cf assembly and progress at sach higher level of
sssembly until the entire launch system and the on-orbit system can be tested in
their operstionsl configurations. In sddition, there may be devalopment tests and
evsiuations st various levels of ansembly, and in-process inspections and tests to
avoid sssembiing s defective system. The forma! complience tests sddressed in
this document are Gualificstion snd acceptance st the unit, subsystem, and
vehicle level ss well 33 some of the integrated system prelaunch validation tests.
The integrated system prelsunch validation test requrements addressed sre
intended t0 ba combinsd with or incorporated with the MIL-STD-1833 Step 3, 4,
and § tests that include the spplicabla pround equipment and 2830cCisted computer
software.
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SECTION 1

SCOPE

1.1 PURPQSE

This Standard establishes the environmental and structural ground testing

requirements for launch vehicles, upper-stage vehicles, space vehicles, end for
their subsystems and units. In addition, a uniform set of definitions of related

terms is established.

1.2 APPLICATION

This Standard is intended for reference in applicable program specifications, or
in other documents, to establish general test requiremeants (10.1). The test
requirements focus on design validation and the elimination of latent defects to
ensure mission success. The application of these test requirements to a particular
program is intended to result in a high confidence for achieving successful space

missions.

It is intended that these test requiremnents be tailored to each specific program
after considering the design complexity, design margins, vulnerabilities, technology
state of the art, in-process controls, mission criticality, life cycle cost, number of

vehicles involved, prior usage, and acceptable risk (4.1, 10.2).

1.3 IEST CATEGORIES

The tests are categorized as follows:

a. Davelopmeant tasts. Enginesring characterization tests and tests to
validate qualification and acceptance procedures {Section 5).

b. Qualificetion testa. Vehicle, subsystem, and unit levels (Section 6).
c. Acceptance tasts. Vehicle, subsystem, and unit levels (Section 7).

d. [Elightoroof and protoaualification tests. Vehicle, subsystem, and unit

levels (Secticn 8).

e. Prelaunch yaiidation tests and follow-on oparational tests and

avalustions. Integrated system tests, initial operational tests and
evalustions, and operational tasts (Section 9).

- — e P
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SECTION 2

APPLICABLE DOCUMENTS

2.1 GOVERNMENT DOCUMENTS.

~ The following standards and specifications form a part of this document to the
extent specified herein. Unless otherwise specifiad, the issues of these documents
ara those listed in the issue of the Department of Defense Index of Specifications

and Standards (DODISS) and supplement thereto, cited in the solicitation.

Military Standards
MIL-STD-810 Environmantal Test Methods. and
Engineering Guideiines.

MIL-STD-1522 (USAF) Standard General Requirements tor Safe Design and
Operation of Pressurized Missile and o

Space Sysiems.

MIL-STD-1541 (USAF) Electromagneiic Compatibility Requirements for
Spsce Systams.

MIL-STD-1833 (USAF) Test Requirements for Ground Equipment and
Associated Computer Software Supporting

Space Vehicles.

{(Unless otherwise indicated, copias of federal and military specifications,
standards, and handbooks are available from the Standardization Document Order

Desk, 700 Robbins Avenue, Building 4D, Philadelphie, PA 19111-5094.)

2.2 ORDER QF PRECEDENCE,

in the event of conflict between the text of this document and the references
cited herein, the text of this document takes precedencs. Nothing in this
documsant, however, supersedes applicable laws and regulations unless a specific

exsmption has besn cbtainad.
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SECTICN 3
DEFINITIONS

3.1 [TEM LEVELS

The categories of items in hierarchical order are defined in this section.

3.1.1 Part. A partis a single piece, or two or more joined pieces, which are
not normally subject to disassembly without destruction or impairment of the
design use. Examples: resistor, integrated circuit, relay, roller bearing.

3.1.2 Subassembly. A subassembly is a unit containing two or more parts
which is capable of disassernbly or part replacement. Examples: printed circuit

board with parts installed, gear train.

3.1.3 Unit. A unit is 8 functional item that is viewed as a complete and
saparate entity for purposes of manufacturing, maintenance, or record keeping.
Examples: hydraulic actuator, valve, battory, electrical harness, transmitter.

3.1.4 Subsystem. A subsystem is an assembly of functionally related units.
It consists of two or more units and may include interconnection items such as
cables or tubing, and the supporting structurae to which they are mounted.
Examples: electrical power, attitude control, telemetry, thermal control, and

propuision subsystems.

3.1.5 Vehicla. Any vehicle defined in this section may be termed expendable
or recoverable, as appropriate.

3.1.5.1 Laurch VYehicle. A launch vehicle is one or more of tha lower stages
of & flight vehicie capable of launching upper-stage vehicles and space vehicles,
usually into a suborbital trajectory. A fairing to protect the space vehicle, and
possibly the upper-stage vehicle, during the boost phase is typically considersd to

be part of the launch vehicle.

3.1.8.2 \lppear-stage Vehicle. An upper-stage vehicle is one or more stages of
a flight vehicle capable of injecting a space vehicle or vahicles into orbit from the
suborbital trajectory that resulted from opaeration of a launch vehicle.

'3.1.5.3 Scace Exparimant. A space experiment is tisually part of the space
vehicle payloed and is therefore considered to be a lower level assembly of a space

vehicle. Howevaer, a spsce experimant may be an intagral part of a space vehicle,
8 payload that performs its mission while sttached to a space vehicls, or even a
payload that Is carried by a host vehicle but performs some of its mission as a
free-fiyer. Whathar complex space aquipment is called a space experiment, a

3
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space instrument, or a space vehicle is discretionary and the nomenclature used
should not affect the classification of the equipment or the requirements.

3.1.5.4 Space Vehicle. A space vehicle is an integrated set of subsystems
and units capable of supporting an operational role in space. A space vehicle may
be an orbiting vehicle, a8 major portion of an orbiting vehicle, or a payload which
performs its mission while attached to a launch or upper-stage vehicle. The
airborne support equipment (3.2.1), which is peculiar to programs utilizing a
recoverable launch or upper-stage veh'cle, is considered to be a part of the space

vehicls.

3.1.5.5 Engm_y_am;[a. A flight vehicle is the combination of elements of the
launch system that is flown; i.e., the launch vehicle(s), the upper-stage vehicle(s),

and the space vehicle(s) to be sent to orbit.

3.1.6 System. A system is a composite of equipment, skills, and techniques
capable of performing or supporting an operational role. A system includes all
operational equipment, related facilities, material, software, services, and personnel
required for its operation. A system is typically defined by the System Program
Office or the procurement agancy responsible for its acquisition.

3.1.7 Combined Systems. Combined systems are interconnected systems
that are required for program level operations or operational tests. The combined

systems of interest are typically the launch system and the on-orbit system.

3.1.7.1 Launch System. A launch system is the composite of equipment,
skills, and techniques capable of launching and boosting one or more space
vehicles into orbit. The launch system includes the flight vehicle and related
facilities, ground equipment, material, software, procedures, services, and

personnel required for their operation.

3.1.7.2 Qn-orbit Systam. An on-orbit system is the composite of equipment,
skills, and techniques permitting on-orbit operation of the space vehicle(s). The
on-orbit system includes the space vehicle(s), the command and control network,
and related facilities, ground equipment, material, software, procedures, services,

and personnel required for their operation.

3.2 SPECIAL ITEMS
3.2.1 Altborns Support Equipment (ASE). Airborne support equipment is the

equipment installed in a flight vehicle to provids support functions and interfaces
for the space or upper-staga vehicle during launch and orbital operations of the
flight vehicle. This includas the hardware snd software that provides the
structural, elsctrical, electronic, and mechanical interfaces with the flight vehicla.
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3.2.2 Critical Unit. A critical unit is one whose failure can affect the system

~ operation sufficiently to cause the loss of the stated vehicle objectives, a partial

loss of the mission, or is a unit whose proper performance is essential from a range
safety standpoint.

3.2.3 Dayelopmant Test Article. A development test article is a

representative vehicle, subsystem, or unit dedicated to provide design and test
information. The information may be used to check the validity of analytic
technigues and assumed design parameters, to uncover unexpected response
characteristics, to evaluate design changes, to determine interface compatibility, to
prove qualification and acceptance test procedures and techniques, or to datermine
if the equipment meets its performance specifications. Development test articles
include engineering test models, thermal models, and structural static and dynamic

models.

3.2.4 Explosive-qordnance Devica. An explosive-ordnance device is a device

that contains or is operated by explosives. A cartridge-actuated device, one type
of explosive-ordnance device, is 8 mechanism that employs the energy produced
by an explosive charge to perform or initiate 8 mechanical action.

3.2.5 Moving Machanical Assembly (MMA). 'A moving mechanical assembly

is a mechanical or electromechanical device that controls the movement of one
mechanica! part of a vehicle relative to another part. Examples: gimbals, actuators,
despin and separation mechanisms, valves, pumps, motors, latches, clutches,
springs, dampers, bearings.

3.2.6 Reusable Item. A reusable item is a8 unit, subsystem, or vehicle that is
to be used for multiple missions. The service life (3.5.6) of reusable hardware
includes all planned reuses, refurbishmeant, and retesting.

3.3 ENVIRONMENTS

The complex flight environment involves a combination of conditions that are
usually resolved into individual test environments. Each test environment should
be based on actual flight data, scaled if necessary for differences in parameters, or
if more reliable, by analytical prediction or a combination of analysis and flight
data. The flight data may be from the currant flight system, or from other flight
systems if configuration variations are accounted for and propetrly scaled. The
individuai environments, which may be involved in qualification and acceptance,
are described in this section.

3.3.1 Maximum and Minimum Expacted Temparatures. The maximum and

minimum expected temperstures ars the highest and lowest temperatures that an
itam can experisnce during its service life (3.5.6), including all operational modes.
These temperatures are gstablishad from analytically determined extremo
temperatures by adding a therimal uncertainty margin, discussed below. The

s 30
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analyticelly determined extreme temperatures are predicted from thermal models
using applicable effects of worst-case combinations of equipment operation,
internal heating, vehicle orientation, solar radiation, eclipse conditions, ascent
heating, descent heating, and degradation of thermal surfaces during the service

lite.

For space and upper-stage vehicles, the analytical model is validated using
results from a vehicle thermal balance test involving operational modes which
include the worst-case hot and cold conditions. The thermal uncertainty margin is
epplied to the analytically determined extreme temperatures, even after validation
by 8 tliermal balance test. The thermal uncertainty margin accounts for
uncertainties in parameters such as complicated view factors, surface properties,
re.diation environment, joint conduction, and unrealistic aspects of ground test
simulation. The margins vary depending on whether passive or active thermal
control techniques are used. Examples of each type, for purposes of uncertainty
margin to be applied, appear in Table |. The margins to be applied are addressed in

the following subparagraphs. |

3.3.1.1 mmmmmmmmmmmmfu For units that have

no thermal control or have only passive thermal control, the recommended
minimum thermal uncertainty margin is 17°C prior to achieving a validated
analytical mode”. For space and upper-stage vehicles, the uncertainty margin may
be reduced to 11°C after the analytical model is validated using results from a
vehicle tharmal balance test. To avoid significant weight and power increases of
the power subsystem cue to additional hardware or increased heater size, the

uncertainty margin of 17°C may be reduced to 11°C.

For units that have large uncertainties in operational or environmental
conditions or that do not require thermal balance testing, the thermal uncertainty
margin may be greater than those stated above. Examples of these units for a
launch vehicle are a vehicle heat shield, external insulation, and units within the aft

skirt,

For passive cryogenic subsystems operating delow minus 70°C, the thermal
uncertainty margin may be reduced as presented in Table Il. In addition, the
following thermal-uncertainty heat-load margins are recommended: 50 percent in
the concaptual phase, 45 percent for preliminary design, 35 percent for critical
design review, and 30 percent for qualification.

3.3.1.2 Margins for Active Thermal Control Subsvstams. For thermal designs

in which temperstures are activeiy corntrollied, a heat-load margin of 25 pertent
may be used in lisu of the thermal margins specifiad in 3.3.1.1. This margin is
applicable at the condition that imposes the maximum and minimum expected
temperatur~3. For axample, for heaters reguisted Ly a mechanical thermostat or
electronic controller, 8 25-percent hester capacity margin may be used in lieu of
the thormal margins at the minimum expected temperature and at minimum bus
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TABLE i. Categorizaticn of Passive and Active Thermal Control Subsystems.

R AR RN
Passive

Active

sensibia heat).

foams, or discrete shields).

with louvers or pinwheels.

e

Thermal insulation(multi-layer insulation,

Surface finishes (coatings, paints,
treatments, second-surface mirrors).

Constant-conductance or diode heat pipes. Variable-conductance heat pipes.

Hardwired heaters (fixed or variable- Heat pumps and refrigerators.
resistance, such as auto-trace or positive-
temperature-coefficient thermistors). Stored-coolant subsystems.

Thermal storage devices (phase-change or | Resistance heater with

commandable or mechanical or
electronic controller,

Capillary-pumped loops.

Radiators (fixed, articulated, or deployable) | Pumped fluid loops.

Thermoelectric coocler.

TABLE II. Therma! Uncertainty Margins For Passive Cryogenic Subsystems.

Thermal Uncertainty Margin
Predicted Temperature (°C)
(°C) Pre-validation Post-validation
Above -70 17 11
-70 to -87 16 10
-88 t0 -105 15 9
-106 to -123 14 8 |
-124 to -141 13 7
-142 to -159 1 6
-160 to -177 9 5
-178 to -185 8 4
-196 t0 -213 6 3
-214 to -232 4 2
Below -232 2 1
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voitage, which translates into a duty cycle of no more than 80 percent under these
cold conditions. Where an 11°C addition in the analytically determined extreme
temperatures would cause the temperature of any part of the actively-controlled
unit to excaed an acceptable temperature limit, a control-authority margin in excess

of 25 percent should be demonstrated.

For designs in which the temperatures are actively controlled to below minus
70°C by expendable coolants or refrigerators, the thermal uncertainty heat-load
margin of 25 percent should be increased in the early phases of the development.
For these cases, the following thermal-uncertainty heat-load margins are
recommended: 50 percant in the conceptual phase, 45 percent for preliminary
design, 35 percent for tha critical design review, and 30 percent for qualiﬁcation.

3.3.2 yaistical Es ‘ .
Quaiification and acceptance tests for vnbratuon acousrsc, and shock envuronments

are based upon statistically expected spectral levels. The level of the extreme
axpectad environment, used for qualification testing, is that not exceeded on &t
least 99 percent of flights, estimated with 80-percent confidence (P99/90 level).
The level of the maximum expected environment, used for acceptance testing, is
that not exceeded on at least 95 percent of flights, estimated with 50-percent
confidence (P35/50 level). These statistical estimates are made assuming a
lognormal flight-to-flight variability having a standard deviation of 3 ¢B, uniess a
different assumption can be justified. As a result, the P95/50 level estimate is 5
dB above the estimated mean (namely, the average of the logarithmic values of the
spectral levels of data from all available flights). When data from N flights are used
for the estimate, the P99/90 estimate in dB is 2.0 + 3.9/N'/2 above the P95/50
estimate. When data from only one flnght are available, those data are assumed to
represent the mean and so the P95/50 is § dB higher and the P99/90 level is 11

dB higher.
When ground testing produces the realistic flight environment (for example,
engine operation cr activation of explosive ordnance), the statistical distribution

can be determined using tha test data, vroviding data from a sufficient number of
tests are available. The P89/80 and P95/50 levels are then determined from the

derivad distribution.

Extreme and maximum expected spectra should be specified for zones of the
launch, upper-stage, and space vzhicles to allow for repositioning of units within
their zones without changing the expected environment. Particular spectra can be

developed for specific units.

3.2.3 Eatlgua Equivalant Duration. For a tima-varying flight acoustic or

vibration environment, tha fatigue equivalent duration is the time duration, at the
maximum envircnment achieved during that flight, that would produce the same
fatigue damage potential. For a given flight trajectory, the squivalent duration can
be assumed to be independent of the maximum environment achieved during any
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paricular flight. The fatigue damage potential is taken to be proportional to the
tourth power of amplitude, uniess another basis can be justified.

3.3.4 Extreme and Maximum Expacted Acoustic Environmens. The acoustic

environmant for an exterior or interior zone of a8 vehicle results from propulsive and
serodynamic excitations. Tha acoustic environmant is sxpressed by a
1/3-octave-band prassure spectrum in dB (reference 20 micropascal) for center
frequencies spanning 8 range of at least 31 to 10,000 Hz. For a time-varying
environment, the acoustic spectrum used for test purposes is the enveiope of the
spactra for each of a series of 1-second time segments overlapped by at least 50
percent. Longor time segments may be used only if it is shown that significant
smoothing of the time-daependent characteristics of the spectra (that is, large bias
error) does not occur. The extreme and maximum expacted acoustic environments
(P99/90 and P95/50 acoustic spectrs, respectivaely, per 3.3.2) are the bases for
qualification and acceptance tes: spectra, respectively, subject to
workmanship-based minimum spactra. The associated duration is the fatigue

equivalent duration in flight (3.3.3).

random wbrauon envuonment mduced at tho structural anachmcnts of umts Is due
to the direct or indirect action of the acoustic and serodynamic excitations, to
roughness in combustion or burning processes, and to machinery induced random
disturbances. The random vibration environmant is expressed as an gcceleration
spactral density in glez {commonly termed power spectra! density or simply PSD)
over the frequency range of at least 20 to 2000 Hz. For & time-varying
envirormant, the PSD used for test purposes is the envelope of the spectra for
each of a series of 1-second time segments overlapped by at least 50 percent.
Longer time segments may be used only if it is shown that significant smoothing of
the time-dependent characteristics of the spectra (that is, large bias error) does not
occur. Also, the resolution bandwidth is to be no greater than 1/6 octave, but
need not be less than 5 Hz. The extreme and maximum expected vibration
environments (P89/90 and P85/50 PSDs, respectively, per 3.3.2) are the bases for
the qualification and acceptar.ce test spectra, respectively, subject to
workmanship-based minimum spectra. The associated durstion is the fatigue

equivalent duration in flight (3.3.3).

3.3.6 Extrame and Maximum Expected Sinusoldal Vibration Environment. The

sinusoidal vibration induced at the structural attachments of units may bs due tc
periodic axcitations from rotating machinary and from Instability involving pogo
(interaction of structural and propuision dynamics), flutter (interaction of structural
dynamics and aerodynamics), or combustion. Periodic excitations may also occur
during ground transportation. The sinusoidal vibration environment is expressed as
an acceleration amplitude in g over the frequency range for which amplitudes are
significant. Namely, those whose acceleration amplitude exceeds 0.016 times the
frequency in Hz. This is based on a response velocity amplitude of 1.27 meters
per second (50 inches per second) when the vibration is applied to a single-degres-

9
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of-freedom system having 8 Q of 50. The resolution bandwidth should be no
greatsr than 10 parcent of the icwast frequency sinusoidal component present.
The extreme and maximum axpected sinusoicial vibration environmants (P99/30
and P95/50 ampiitude spectra, respectively, per 3.3.2) agre ths basis for
qualification and scceptance spectra, respectively. The associated duration is the
fatigus equivalent duration (3.3.3), including flight and transportation.

When combinad sinusoidal and random vibration during service life (3.5.6) can
be more severe than sinusoidal and random vibration considered saparatsly, the

combined environmant is applicable.

Shock trangients

result from the sudden apphcatlon or release of ioads assocnawd wnh deployment,
sepsaration, impact, and release events. Such events often employ explosive-
ordnance devicaes resuliting in generation of 8 pyroshock environment, characterized
by a high-frequency acceleration transient which decays typically within 5 to 15
milliseconds. The shock environment is expressed as the darived shock response
spectrum in g, based upon the maximum absolute accelaration or the equivalent
static acceleration induced in an ideal, viscously damped, single-degreg-of-fraadom
system. Its natural frequency shou!d span the rangs from at least 100 Hz to0
10,000 Hz for pyroshcck or comparable shock disturbances, at intervals of no
greatsr than 1/6 octave, end for a resonant amplificstion (Q) of 10. The extrems
and maximum expected shock envircnmants (PS9/30 and P85/50 shock response
spectra, respactively, per 3.3.2) are tha bases for quaiification and acceptance test

spectra, respectively.

3.4 STRUCTURAL TERMS

3.4.1 ﬂmﬂgm The burst factor is a multiplving factor applied to tha
maximum expectsd cpaerating pressure to obtain the design burst pressure. Burst

factor is synonymous with ultimate pressurs factor.

3.4.2 Design Burat Proasure. The design burst pressure is a test pressure
that prassurized components must withstand without rupture in the applicable

operating environments. It is equal to the product of the maximum expected
operating prassure and a burst factor.

\

3.4.3 Design Factor of Safaty. The design factor o#\ s;:fety is a multiplying

factor usad in the design analysis to account for uncertainties such as material
properties, design procedures, and manufacturing procedures. The design factor of
safety is often called the dasign safety factor, factor of safety, or, simply, the
safety factor. In general, two types of design factors of safoty are spacified:
design yield factor of safety and dasign ultimate factor of safety.

10
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3.4.4 Design Ultimste Load. The design ultimate load is a load, or

combinations of loads, that the structure must withstand without rupture or
collapse in the applicable operatirig environments. It is equal to the product of the
limit load and the design ultimate factor of safety.

3.4.5 Design Yield Load. The design yield load is a load, or combinations of
loads, that a structure must withstand without experiencing detrimental
detormation in the applicable operating environments. It is equal to the product of

the limit load and the design yield factor of safety.

3.4.6 Limit Load. A limit load is the highest load, or combinations of loads,
that may be applied to a structure during its service life (3.5.6), and acting in
association with the applicable operating environments produces a design or
extreme loading condition for that structure. When a statistical estimate is
applicable, the limit load is that load not expected to be exceeded on at least 99
percant of flights, estimated with 90-percent confidence.

3.4.7 Maximum Expected Operating Pregsure (MEQP). The MEOP is the

highest gage pressure that an item in a pressurized subsystem is required to
experience during its service life (3.5.6) and retain its functionality, in association
with its applicable operating envirrnments. The MEOP is synonymous wv.ith limit
pressure or maximum operating pressure (MOP) or maximum working pressure
(MWP). Included are the effects of maximum ullage pressure, fluid head due to
vehicle quusi-steady and dynamic accelerations, waterhammer, slosh, pressure
transients and oscillations, temperature, and operating variatility of regulators or

relief vaives. “

3.4.8 Maximum Pradicted Accelaeration. The maximum predicted acceleration

(its extreme value), defined for structural loads analysis and test purposes, is the
highest acceleration determined from the combined effects of quasi-steady
acceleration, the vibroacoustic environment, and the dynamic response to such
significant transient flight events as liftoff; engine ignitions and shutdowns;
transonic and maximum dynamic pressure traversal; gust; and vehicle separation.
The frequency range of concern is usually limited to below 50 Hz for structural
loads resulting from the noted transient events, and to below 300 Hz for
secondary structural loads resulting from the vibration and acoustic environments.
Maximum accelerations are predicted for each of three mutually perpendicular axes
in both positive and negative directions. When a statistical estimate is applicable,
the maximum predicted acceieration is at least that acceleration not expected to be
exceeded on 99 percent of flights, estimated with 90-percent confidence {P99/90).

3.4.9 Operational Deflections. Operatiuvnal deflections are the deflections

imposed on a structure during operation (for example, by engine thrust-vector
gimballing, thermal differentials, flight accelerations, and mechanical vibration).

11




MIL-STD-1540C

3.4.10 pPressure Ccmponent. A pressure component is a unit in a8 pressurized
subsystem, other than a pressure vessel, that is structurally designed largely by the

acting pressure. Examples are lines, tubes, fittings, valves, bsllows, hoses,
regulators, pumps, and accumulators. :

3.4.11 Pressure Vessel. A pressure vessel is a8 structural component whose
primary purpose is to store pressurized fl'iids and one or more of the foliowing
apply:

a. Contains stored energy of 19,310 joules (14,240 foot-pounds) or
greater based on adiabatic expansion of a perfect gas.

b. Contains a gas or liquid that would endanger personnel or equlpment
or create 3 mishap (accident) if released.

c. May experience a design limit pressure greater than 690 kilopascals
(100 psi).

3.4.12 m;_auﬂzm_s_tmc_:m A praessurized structure is 8 structurs designed

to sustain both internal prassure and vehicle structural loads. A main piopelient
tank of a launch vehicle is a typical example.

3.4.13 Pressurized Subsystem. A pressurized subsystem consists of pressure

vessels (3.4.11) or pressurized structures (3.4.12), or both, and pressure
components (3.4.10). Excluded are electrical or other control units required for

subsystem operation.

3.4.14 Proof Factor. The proof factor is a multiplying factor applied to the
limit load, or maximum expected operating pressura, to oktsin the proof load or
proof pressure for use in a proof test. .

3.4.15 Proof Tast. A proof test is an acceptance test used to prove the
structural integrity of 8 unit or assembly, or to establish maximum possible flaw
sizes for safe-life determination. The proof test gives evidence of satisfactory
workmanship and material quality by requiring the absence of fzilure or detrimental
deformation. The proof test load and preszure compansate for the difference in
material proparties batwseen test and design temperature, if applicable.

3.4.16 Structyral Component. A mechanical unit is considared to be a

structural component if its primary sunction is to sustain load or mamtain
alignment.
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3.5 QTHER DEFINITIONS
3.5.1 Ambiant Environment. The ambient environment for a g'round test is

definad as normal room conditions with temperature of 23 + 10°C (73 = 18°F),
atmospheric pressure of 101 + 2/-23 kilopascals (29.9 +0.6/-6.8 in. Hg), and
relative humidity of 50 £+ 30 percent.

3.5.2 Contamingtion Tolerance Level. The contamination tolerance level is

tne value of contaminant particle size, or level of contamination, at which a
specified performance, reliability, or life expectancy of the item is adversely

affected.

3.5.3 Qperational Modes. The operational modes for a unit, assembly,
subsystem, or system include all combinations of operational configurations or

conditions that can occur during its service life (3.5.6). Examples: power
condition, command mode, readout mode, attitude control mode, redundancy
management mode, safe mode, and spinning or despun condition.

3.5.4 Qther Test. An "other” test is a test that may be required subject to an
evaluation of its benefit on a8 case-by-case basis. Special requirements of usage
and peculiarities of the particular test item should be taken into account. If the
evaluation shows that an "other” test is effective, it becomes a "required” test for
that case (10.2.1.3). In ganeral, "other® tests are unique tests and therefore have

a low probability of being required.

3.5.5 Quallficztion Margin. An environmentzi qualification margin is the
increase in an environmental condition, over that expected during service life

(3.5.6}, including acceptance testing, to demonstrate that adequate ruggedness
exists in the design and in its implemantation. A margin may include an increass in
level or range, an increase in duration or cycles of exposure, as well as any other
appropriate increase in severity. Environmental qualification margins are intended
to demonstrate the ability to satisfy all of the following on a single qualification

item:

a. Be tolerant of differences :n ruggedness and functionality of flight
items relative to the qualification item, due to reasonable variations in
parts, material properties, dimensions, processes, and manufacturing.

b. Be immuna to excessive degradation (such as fatigue, wear, loss of
material properties or functionality) after encuring a specified
maximum of acceptance testing prior to operational use of a flight
item.

c. Moeet requiremants under extreme conditions of flight, which when
exprassed statistically are the P99/90 estimates (3.3.2, 3.4.8).
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3.5.6 Searvica Lifa. The service life of an item starts at the completion of
fabrication and continues through all acceptance testing, handling, storage,
transportation, prelaunch testing, all phases of launch, orbital operations, disposal,
reentry or recovery from orbit, refurbishment, retesting, and reuse that may be

required or specified.

3.5.7 Jemperatura Stabilization. For thermal cycle and thermal vacuum

testing, temperature stabilization for 8 unit is achieved when the unit baseplate is
within the sliowed test tolerance on the specified test tamperature (4.6), and the
rate of changs of temperature has been less than 3°C per hour for 30 minutes. For
steady-state thermal balance testing, temperature stabilization is achieved when
the unit having tha largest thermal time constant is within 3°C of its steady state
valug, as determined by numerical extrapolation of test temperatures, and the rate

of change is less than 1°C per hour.

3.5.8 JYest Discrapancy. A test discrepancy is a functional or structural
anomaly that occurs during testing, which may reveal itself as a deviation from

specification requirements for the test item. A test discrepancy may be a
momentary, unrepeatable anomaly; or it may be a permanent failure to respond in
the predicted manner to a specified combination of test environment and functional
test stimuli. Test discrepancies include those associated with functional
performance, premature operation, failure to operate or cease operation at the
prescribed time, and others that are unique to the item.

MIL-STD-1540C

A test discrepancy may be due to a failure of the test ite'm, or may be due to
some unintended cause such as trom the test sstup, test instrumentation, supplied

power, tast procedures, or computer software used.

3.5.9 Test item Failura. A failure of a test item is defined as a test
discrepancy that is due to a8 design, workmanship, or quality daficiency in the item

being tested. Any tast discrepancy is considered to be a failure of the test item
uniess it can be determined to have been due to some unintended cause (3.5.8).

3.5.10 Tharmal Sosk Duration. The thermal soak duration of a unit at the hot A

or cold extreme of & thermal cycie is the time that the unit is operating and its
baseplate is continuously maintained within the allowed tolerance of the specified

test temparature.
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SECTION 4
GENERAL REQUIREMENTS

This section addresses general requirements applicable to all test categories.
Included are tailoring of requirements, testing philosophy, propuision equipment
tests, firmware tests, inspections, test condition tolerances, test plans and

procedures, retest, and documentation.

4.1 JAILORING OF REQUIREMENTS

This Standard establishes a baseline of requirements which should be tailored
up or down to meet the needs of a particular program {10.2). The programmatic
implications of imposing each requireament should be evaluated. This includes not
only the direct costs versus the benefits, but also the risks and potantial costs of
not imposing requirements. If extensive tailoring of the testing requirements is
appropriate for a particular program, the procuring agency mav provide a summary
of the applicability of the various paragriaphs. Tables in 10.2.2 provide
Requirements Applicability Matrices, in general and detailed forms, to be used by
the procuring agency for stating changes to the stringency or applicability of the
requiremeants appearing in tha various sections and for the various tests of this
Standard. . If the applicable requirements in this Standard are not tailored by the

contract, they stand as written.

4.2 TESTING PHILOSQPHY

The complete test program for launch vehicles, upper-stage vehicles, and
space veahicles encompasses development, qualification, acceptance, prelaunch
validation, and follow-on operational tests and evaluations. Test methods,
environments, and measured parameters shall be selected to permit tha colfection
of empirical design parameters and the correlation of data throughout the complete
test program, A st Vigfactory test program requires the completion of specific test
objectives prior to the accomplishment of others. The test program encompasses
the testing of pfrogressivety more complex assemblies of hardware and computer
software. Design suitability should be demonstrated in the earlier develupment
tests prior to testing the next more complex assemblies or combinations in the
progression .nd prior to the start of formal qualification testing. All qualification
testing for an nqm should be completad, and consequential design improvements
incorporated, praor to the initiation of flight hardware acceptance testing for that
item. In general. hardware itams subjected to qualification tests are themselves
not eligible for fiight, since there has bean no demonstration of remaining life from
fatigue and wear standpoints. Section 8 describes higher risk, alternative
strategies which may be used to tailor a qualification test program. The integrated
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system pralaunch validation tests, described in Section 3, are intended to be
combined with or incorporated with the MIL-STD-1833 Step 3 integrated system
tests, and the Step 4 and 5 operations! tests that include the applicable ground
equipment and associated computer software.

Environments other than thosa specified in this Standard can be sufficiently
stressful as to warrarnt additional quaiification and possibly acceptance testing.
- These include environments such as nuclear and electromagnetic radiation, as well
as climatic conditions not specified such as lightning.

The environmental tests specified are intended to be imposad sequentially,

~ rather than in combination. Nevertheless, features of the hardware design or of
the sarvice environments may warrant the impositicn of combined environments in
soms tests. Examples: combined temperature, accaleration, and vibration when
testing units amploying elastomaeric isolators in their design; and combined shock,
vibration, and pressure when testing pressurized components. In formulating the
test requiremants in these situations, & logicai combination of environmental
factors should be imposed to enhance test effectiveness.

4.3 PROPULSION EQUIPMENT TESTS

In general, tests of solid rocket motors and tests of liquid rocket engines are
not addraessed in this Standard. Howsevaer, units which comprise a vehicle
propulsion subsystern, including units which are integral to or mounted on 8 motor
or engina, are covered by this Standard in that they shall be qualified and
acceptance tested to the applicable unit requirements speciiied herein. Testing of
a unit on an engine during the engine accaeptance test firing rmay be substituted for
part of the unit level acceptance test if it can be established that the environments
and duration meet the intent cf the individual acceptance test criteria, or if such
units are not amenabls to testing individually. Environmental testing of thrusters
{such as staging rocksts, retro-motors, and attiiude control thructers) shall meet
the applicable unit requiremants of this Standard.

o Ling la U 20%2 [asting. An engine
LRU i= an onglnc unlt wh&ch may be ramovad from an engine and replaced by a
new unit without requiring re-acceptance taest firing of the engine with the new
unit. If the unit baing replaced was included in an engine acceptance test firing as
part of its acceptance test, then the replacement unit gshall sither be subjected to
such a test on an engine, or shell undergo equivalent unit level acceptance testing.
Equivalent testing shall consider all appropriats anvironmencs such as temperature,
vibration, pressure, vacuum, and chemical. Testing shall demonsirate functionality
of the unit under conditions similar to those achieved in tha engine acceptance test

firing and flight.
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4.3.2 Encine Line Replaceeb's Unit (LRU) Quciification Testing. All engine

LRUs shall be qualified at a unit level to the requirements of this Standard.

4.4 FIRMWARE TESTS

Firmware is the combination of a hardware device and computer instructions
or computer data that reside as read-only software on the hardware device. The
software cannot be readily modified under program control. Firmware that falls
under the intent and purpose of a Commercial Cff the Shelf item (COTS) should be
testod as COTS. Firmware that is not COTS shnuld be tested as a development
item subjact to the test requirements of this document. The software element of
firmware should be tested as software, and the hardware element of firmware

should be tested as hardware.

4.5 [NSPECTIONS

All units and higher levels of sssembly should be inspected to identify
discrepancies before and after testing, including tests performed st the launch site.
The inspactions of flight hardware shall not entail the removal of unit covers nor
any disassembly, unless specifically called out in the test procedures. Included
should be applicable checks of finish, identification markings, and cleanliness.
Weight, dimensions, fastener tightness torques and breakaway forces and torques
should be measured, as applicable, to determine compliance with specifications.

4.6 TEST CONDITION TOLERANCES,

Unless stated otherwise, the specified test parameters shouid be assumed to
include the maximum alicwable test tolerances listed in Table ill. For conditions
outside the ranges specified, the tolerances should be appropriate for the purpose

of the tast.

4.7 IEST PLANS AND PROCEDURES

The test plans and procecurss shall be documented in sufficient detail to ‘
provide the framework for identifying and interreiating all of the individual tests and
test procedures needed.

4.7.1 Jeat Pians. The test plans should provide a general description of each
test planned and the conditions of tha tests. The test plans should be based upon
a function-by-function mission enuiveis and any specified testing requiren.ents. To
the degrae practicable, tests should be pianned and executed to fulfill tast
objectives from development through operations. Test objectives should be
planned to verify compliance with the design and specitied requirements of the
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TABLE lll. Maximum Allowable Test Tolerances.

Test Paramaters . Test Tolerance

Temperature
-54°C 10 +100°C

Relative Humidity
Accelaration
Static Load snd Pressurs

Atmospheric Prassure
Above 133 pascals (> 1 Torr)

133 to 0.133 pascals ( 1 Torr to 0.001 Torr)
Below  0.133 pascal (<0.001 Torr)

Test Time Duration

Vibration Frequency

Sinusoldal Vibration Amplitude -

Random Vibration Power Spectra( Density

= 3°C

=5 percént

+ 10/-0 percent
+ 5/-0 percent
£ 10 percent

+ 25 percent

+ 80 percent

+ 10/-0 percent
x 2 percent

+ 10 percent

20to0 100 Mz 10 Hz + 1.5dB
100 to 1000 Hz 10 percent of midband frequency + 1.6 dB
1000 to 2000 Hz 100 Mz + 3.00B
Overall + 1.0dB
Note: Control bandwidths may be combined for tolerance evaluation purposes
Tha statistical degrees of freedom shall be at least 100.
Sound Pressure Levels
31.5 to 40 Hz + 5.0d8
s0 to 2000 Hz + 3.0dB
2500 to 10000 H2 + 5.0dB
Oversll + 1.5dB
Note: Tha statistical degrees of freedom shall be at lsast 100.
Shock Responsse Spgctmm (Pegk Absolute Acceleration, Q = 10)
= g Intervals
At or below 3000 Hz + 6.0dB |
+ 9.0/-6.0dB

Above 3000 Hz
Note: At laast 5C percent of the spactrum values shall be greater

than ths nominal test specification.
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items involved, including interfaces. The test plans should incorporate by
reference, or directly document, the following:

a. A brief background of the applicable project and descriptions of the
test items covered (such as the systems, vehicles, and subtier

equipment).

b. The overall test philosophy, testing approach, and test objective for
each item, including any special tailoring or interpretation of design
and testing requirements.

¢. The aliocation of requiremants to appropriate testable levels of
assembly. Usually this is a reference to a requirements traceability
matrix listing all design requirements and indicating a cross reference
to a verification method and <o the applicable assembly level.

d. The identification of separate environmental test zones {such as the
engine, fairing, or payload).

e. The identification of separate states or modes where the configuration
or environmental levels may be diffarent (such as during testing, |
launch, upper-stage transfer, on-orbit, eclipse, or reentry).

f. The environmental specifications or life-cycle environmental proﬁ'les
for each of the environmental test 2ones.

0. Required specia! test equipment, facilities, interfaces, and downtim
requirements. :

h. Required test tools and test beds including the qualification testing
planned for the test tools and test beds to demonstrate that they
represent an operational system environment and verify that simulated

interfaces are correct.

. 5
\

i. Standards to be used for the recording of tast data on computer
compatibie elactronic media, such as disks or magnetic tape, to
facilitste automated accumulation and sorting of data.

J.  The review and approval process to be followed for test plans and
procedures, and for making changes to apprcved test plans and .

procedures.
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k. Overall schecdule of tests showing conformance with the
program schedules inciuding the scheduled availability o1 test articles,
test facilities, special test equipment, and procedures.

4.7.2 Jast Procedures. Tests - 1all be conducted using documented test
procedures, prepared for performing all of the required tests in accordance with the
- test objectives in the approved test plans. The test objectives, testing criteria, and
pass-fail criteria shall be stated clearly in the test procedures. The test procedures
shall cover all operations in enough detail so that there is no doubt as to the
execution of any step. Test objectives and criteria should be stated clearly to
relate to design or operations specifications. Whrre appropriate, minimum
requirements for valid data and pass-fail criteria should be provided at the
procedure step level. Traceability should be provided from the spe .ifications or
requirements to the test prosedures. Where practicable, the individual procedure
step that satisfies the requirement should be identified The test procedure for
each item shall include, as a minimum, descriptions of the following:

a. Criteria, objectives, assumptions, and constraints.
Test setup. |

c. Initialization requirements.

d. Input data.

e. Test instrumentation.

f. Expected intermediate test results.

g. Requirements for recording cutput data.

h. Expected output data.

i Minimum requirements for valid data to consider tha test successful.

j.  Pass-fail criteria for evaluating results.

k. Safety considerations and hazardous conditions.

4.8 BETEST

Whenaver the design of hardware is changed, the hardware involved shouid be
retested, as necessary, and all documentation pertinent to the changes shall be
revised. When retesting a redesigned item, limited tasting may be satisfactory as
long as it i3 adequate to verify the redesign, to confirm that the redesign did not
negate prior testing, and to show that no new problems have been introduced.
However, care must be exercised with this limited retesting concept since even
small changes can potentially affect the item in unexpected ways.
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Retesting may also be necessary if a test discrepancy {3.5.8) occurs while
performing any of the reguired testing steps. In that case, conducting a proper
failuie analysis plays an important part in deterrnining the type and dagree of
retesting. The failure analysis snould include the determination of whether a failure
occurred, tha cause of the failure, the symptoms of the failure, ana isolation of the
failure to the smallest replace:able item.

4.8.1 BRetest During Qualification or Acceptence. If a test discrepancy occurs
during qualification or scceptance testing, the test may be continued without
corrective action if the discrepant item or software coding does not affect the
validity of test data obtained by the continuation of testing. Otherwise the test
shall be interruptaed and the discrepancy verified. To the extent practicable, the
test configuration should not be modified until the cause of the discrepancy has
been isolated and verified. If the discrepancy is caused by the test setup, test
software, or a failure in the test equipment, the test being conducted at the time of
the discrepancy may be continued after the cause is removed and repairs are
completed, as long as the discrepancy did not overstress the item under test. If
the discrepancy is caused by a failure of the item under test, the preliminary failure
analysis and appropriate corrective action should normally be completed and
properly documented before testing is resumed. Retesting may be required to
establish a basis for determining compliance of a test itemn to a specification or
requirement, and may be required to assess the readiness of test items for

integrated system testing.

4.8.2 Retest During Pralaunch Validation. If 8 discrepancy occurs during

prelaunch validation testing (integrated system testing), it shall be documented for
later evaluation. The test director is responsible for assessing the effect of the
discrepancy to determine whether the discrepancy has jeopardized tha probabie
success of the remainder of ths test. The test director may decide to continue or
halt the test. If continued, the test starts at the test procedure step designated by
the test director. The integrated system testing should be continued, where
practicable, to conserve time-critical operational resources. When the discrepancy
has been corrected or explained, retesting may be required.

4.8.3 Rotest During Qperational Tests and Evaluations. If a discrepancy

occurs during operational tests and evaluations, it shall be documented for later
evaluetion. The operating agency is responsible for assessing the effect of the
discrepancy to determine whether the discrepancy has jeopardized the probable
success of the remainder of the test. The operating agency is also responsible for
determining the degree of retesting required.
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49 DOCUMENTATION |
See Subsection 10.5 for additional information. |
4.9.1 Jest Documentation Filas. The test plans and procedures (4.7),

including a list of test equipment, calibration dates and accuracy, computer
software, test data, test log, test results and conclusions, problems or deficiencies,
pertinent analyses, and resolutions shall be documented and maintained. The test
documentation files shall be maintained by the applicable contractors for the
duration of their contracts.

4.9.2 Test Data. Pertinent test data shall be maintained in a quantitative form
to permit the evalusation of performance under the various specified test conditions;
pass or fail statements alone may ba insufficient. The test data shouid also be
compared across major test sequences for trends or evidence of anomalous
behavior. To the extent practicable, all relevant test measurements and tr e
environmental conditions imposed on the units should be recorded on con.puter
compatible electronic media, such as disks, magnetic taps, or by other s.. table
means to facilitate automated accumulation and sorting of data for the cr:ticsl test
parameters. These records are intended to be an accumulation of trend ~ata and
critical test parametars that should be examined for out of tolerance vaiL 2s and for
characteristic signatures during transient and mode switching. For deve!>pment
and qualification tests, a summary of the test resuits shouid be docurericed in test
reports. The test report should detail the degree of success in meeting the test
objectives of the approved test plans and should document the test results,
deficiencies, problems encountered, and problem resolutions.

4.9.3 Jest Log. Formal test conduct shall be documsnted in a test log. The
test log shall identify the personnel involved and be time-tagged to permit a
reconstruction of test events such as start time, stop time, anomalies, and any -

periods of interruption.

P SN,
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SECTION 5
DEVELOPMENT TESTS

5.1 GENERAL

Development tests, or engineering tests, shall be conducted as required to:

a. Validate new design concspts or the application of proven concepts
and techniques to a new configuration.

b. Assist in the evolution of designs from the conceptual phase to the
operational phase.

c. Reduce the risk involved in committing cesigns to the fabrication of
qualification and flight hardware.

d. Validate qualification and acceptance test procedures.

e. lnvestigate problems or concerns that arise after successful
qualification,

Requiraments for development testing therefore depend upon the maturity of
the subsystems and units used and upon the operational requirements of the
specific program. An objective of development testing is to identify problems early
in their design evolution 8o that any required corrective actions can be taken prior
to starting formal qualification testing. Development tests should be used to
confirm structural and psrformance margins, manufacturability, testability,
maintainability, reliability, life expectancy, and compatibility with system safety..
Where practicable, development tests should be conducted over a range of
operating conditions that exceeds the design limits to identify marginal capabilities
and marginal design features. Comprehensive development testing is an especially
important ingredient to mission success in programs that plan to use qualification
items for flight, including thoge that sllow a reduction in the qualification test
levels and durations. Development tests may be conducted on breadboard
equipment, prototype hardware, or the developmsnt test vehicle equipment.

Developmant tests may be conducted at in-plant test facilities, which may
include subcontractor’s facilities, at a government approved test bed, or at any
other appropriate test facllity. However, when performed at & government facility,
that facility may require approval of the test plans and procedures. Internal
contractor documentation of development test plans, test procedures, and test
results are normally used unless stated otherwise by contract.
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Tne development test requirements are necessarily unique to each new launch '
vehicle, upper-stage vehicle, and space vehicle. The following provide guidelines
for conducting appropriate development tests when their need has been

established.

5.2 PART, MATERIAL, AND PROCESS DEVELOPMENT TESTS
AND EVALUATIONS

Part, material, and process development tests and evaluations are conducted
to demonstrate the feasibility of using certain items or processes in the
implementation of a design. These development tests and evaluations may be
conducted to assess design alternatives, manufacturing alternatives, and to
evaluate tradeoffs to best achieve the development objectives. Development tests
and evaluations are required for new types of parts, materials, and processes; to
assure proper application of parts, materials, and processes in the design; and to
develop acceptance criteria for these items to avoid assembling defective units.

Material characterization testing under simulated environmental conditions is
normally conducted for composite laminate, insulations, seals, fluid lines, and items

not wall characterized for their intended use.

5.3 SUBASSEMBLY DEVELOPMENT TESTS, IN-PROCESS TESTS
AND INSPECTIQONS .

Subassemblies are subjected to development tests and evaluations as required
to minimize desigr: risk, to demonstrate manufacturing feasibility, and to assess the
design and manufacturing alternatives and trade-offs required to best achieve the
development objectives. Tests are conducted as required to develop in-process
manufacturing tests, inspections, and acceptance critena for the items to avoid

assembling defective hardware items.

5.4 UNIT DEVELOPMENT TESTS

Units are subjected to development tests and evaluations as may be required
to minimize design risk, to demonstrate manufacturing feasibility, to establish
packaging designs, to demonstrate electrical and mechanical performance, and to
demonstrate the capabllity to withstand environmental stress including storage,
transpoi*ition, extreme combined environments, and launch base operations.
Temperaiure cycling and random vibration testing at ievels beyond the qualification
requirements should be conducted to further increase confidence in the design and
identify the waakest elements. New designs should be characterized across
worst-case voltage, frequency. and temparature variations at the breadboard level.
Functional tests of prototype units in thermal and vibration environments are
normslily conducted. Davelcpment tests of deployables, of thrust vector controls,
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and of the attitude control subsystem are normally conducted. Life tests of critical
items that may have a2 wearout failure mode, such as moving mechanical
assemblies, should also be conducted. Vibration resonance searches of a unit
should be conducted to correlate with a mathematical mode! and to support design
margin or failure evaluations. Development tests and evaluations of vibration and
shock test fixtures should be conducted prior to first use to prevent inadvertent
overtesting or uncertesting, including avoidance of excessive cross-axis responses.
Trese development tests of fixtures should result in the design of shock and
vibration test fixtures that can be used during unit qualification and acceptance
tests. When it is not practicable to use fixtures of the same design for unit
qualification and acceptance tests, evaluation surveys should be performed on
each fixture design to assure that the unit responses are within allowable margins.

5.4.1 Structural Composite Development Tests. Development tests shall be

conducted on structural components made of advanced composites or bonded
materials, such as payload adapters, payload famngs, motor cases, and composite-

overwrapped pressure vessels.
If appropriate, testing should include:

a. 'Static load or burst testing to validate the ultimate structural
capabilities. ;

b. Damage tolerance testing to define acceptance criteria.
€. Acoustic transmission loss test for composite fairings.

5.4.2 Thermal Develorment Tests. For critical electrical and electronic units

designed to operate in a vacuum environment less than 0.133 pascal (0.001 Torr),
thermal mapping for kriown boundary conditions should be performed in the

- vacuum environment to verify the internal unit thermal analysis, and to provide
data for thermal mathematical model correlation. Once correlated, the thermal
modael is used to demonstrate that critical part temperature limits, consistent with
reliability requirements and performance, are not exceeded. When electrical and
electronic packaging is not accomplished in accordance with known and accepted
techriques relative to the interconnect subsystem, parts mounting, board sizes and
thickness, number of layers, thermal coefficients of expansion, or installation
mathod, development tests should be performed. The tests should establish
confidence in the design and manufacturing processes used. Heat transport
capacity tests may be required for constant and variable conductance heat pipes at
the unit level to demonstrate compliance with 3.3.1. Thermal conductance tests
may be performed to verify conductivity across items such as vibration isolators,
thermal isolators, cabling, and any other: potentlally significant heat conduction

path.
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5.4.3 Sheck and Vibration isolator Development Tests. When a unit is to be

mounted on sheck or vibration isolators whose performance is not well known,
developmaent testing should be conducted to verify their suitability. The isolators
should be exposed to the various induced environments (for example, temperature
and chemical environments) to verify retention of isolator performance (especially
resonant frequencies and amplifications) and to verify that the isolators have
adequate service life {3.5.6). The unit or a rigid simulator with proper mass
properties {mass, center of gravity, mass moments of inertia), should be tested on
its isolators in each of three orthogonal axes, and, if necessary, in each of three
rotational axes. Responses 2t a!ll corners of the unit should be determined to
evaluate isclator effectiveness and, when applicable, to establish the criteria for
unit acceptancs testing without isolators (7.4.4). When multiple units are
supported by a vibration isolated panel, responses at all units should be measured

to account for the contribution of pane! vibration mndes.

5.5 VEHICLE AND SUBSYSTEM DEVELOPMENT TESTS

Vehicles and subsystems are subjected to development tests and evaluations
using structural and thermal development models as may be required to confirm
dynamic and thermal environmental criteria for design of subsystems, to verify
mechanical interfaces, and to assaess functional performance of deployment
mechanisms and thermal control subsystems. Vehicle ievel development testing
also provides an opportunity to develop handling and operatmg procedures as well

as to characterize interfaces and interactions.

5.5.1 Mechanical Fit Development Tests. For launch, upper-stage, and space

vehicles, 8 mechanical fit, assembly, and operational interface test with the
facilities at the launch or test site is recommended. Flight-weight hardware should
be used if practicable; howsever, a facsimile or portions thereof may be used to
conduct the development tests at an early point in the schedule in order to reduce
the impact of hardware design changes that may be nacessary.

5.5.2 Mode Survey Davelopmant Tests. In advance of the qualification mode

survey test (6.2.10), a development mode survey test (or modal survey) should be
conducted at the vehicle or subsystem level when uncertainty in analytically
predicted structural dynamic characteristics is judged to be excessive for purposes
of structural or contro! subsystem design, and an early identification of problem
areas is desired. The test article may be full-scale or subscale; for a large vehicle,
such as a launch vehicle, a subscale model is often used. Such a development test
does not replace a8 modal survey required for vehicle qualification, unless the test

also maets the requirements in 6.2.10.

5.5.3 turs of ent Testa. For structures having redundant load
paths, structural tests may be required to verify the stiffness properties and to
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measure member loads, stress distributions, and deflections. The stiffness data
are of particular intarest where nonlinear structural behavior exists that is not fully
exercisad in 8 mode survey test (5.5.2, 6.2.10). This may include nonlinear
bearings, elastic buckling of panels, gapping at preloaded interfaces, and siipping at
friction joints. The member load and stress distribution data may be used to
experimeantally verify the loads transformation matrix. Deflection data may be also
used to experimentally verify the appropriate deflection transformation matrix.
These matrices may be used, in conjunction with the dynamic model, to calculste
loads such as axial forces, bending moments, shears, and torsional moments, and
various stresses and deflections, which can be converted into design load and
clearance margins for the vehicle. This development test does not replace the
structural static load test that is required for subsystem qualification (6.3.1);
however, the two tests may be incorporated into a single test sequence that
encompasses the requirements of both tests, provided that the test article is
flight-like, the manufacturing log is up-to-date, and the test plan is prepared
according to the qualification requirements.

5.5.4 Acoustic and Shock Development Tests. Since high-frequency vibration

and shock responses are difficult to predict by analytical techniques, acoustic and
shock development testing of the launch, upper-stage, and space vehicles may be
necessary to verify the adequacy of the dynamic design criteria for units. Vehicle
units that are not installed at the time of the test should be dynamically simulated
with respact to mass, center of gravity, moments of inertia, interface stiffness, and
geometric characteristics. For the acoustic test, the vehicle is normally exposed to
the qualification acoustic levels in an acoustic chamber. For the shock test, all
explosive-ordnance devices and other mechanisms capable of imparting a

‘significant shock to the vehicle should be operated. Where practicable, the shock

test should involve physical separation of slements being deployed or released.
When a significant shock is expected from subsystems not on board the vehicle
under test (such as when a fairing separation causes shock responses on an upper
stage under test), the adaptor subsystem or suitable simulation shall be attached
and appropriate explosive-ordnance devices or other means used to simulate the
shock imposad. The pyrcshock environment may vary significantly between
ordnance activations. Therefore, the statistical basis given in 3.3.2 shall be used
for estimating maximum expected and extreme spectra. Multiple activations of
ordnance devices may be used to provide data for better-substantiated estimates.

5.5.5 Thermal Balance Development Tasts. A thermal balance development

test may be necessary to verify the analytical modeling of launch, upper-stage, or
space vehicles, and to verify the unit thermal design critaria. For vehicles in which
thermally induced structural distortions are critical to mission success, the thermal
balance test slso evaluates alignment concerns. The test vehicle should consist of
a thermally equivalent structure with addition of equipment panels, thermal control
insulation, finishas, and thermally equivalent models of electrical, electronic, '
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. pneumatic, and mechanical units. Testing should be conducted in a space
simulation test chamber capable of simulating the ascent, transfer orbit, and orbital

thermal-vacuum conditions as may be appropriate.

5.5.6 Iransportation and Handling Development Tests. The handling and

transport of launch, upper-stage, and spacs vehicles, or their subtier elements, is
normally conducted so as to result in dynamic environments well below those
expected for launch and flight. However, since these environments are difficult to
predict, it is often necessary to conduct a development test ¢i potentially
significant handling and transportation configurations to determine worst-case
dynamic inputs. Such a test should use a8 development model of the item or a
simulator which has at least the proper mass properties, instrumented to measure
responses of the item. In particular, 8 drop test representative of a maximum
credible operational occurrence should be conducted to demonstrate protection of
the iten in the handling apparatus and shipping container. The data should be
sufficient to determine whether the environments are benign relative to the design
requiremente, or to provide a basis for an analysis to demonstrate lack of damage,
or to augment qualification and acceptance testing, if necessary.

5.5.7 Wind-tunnel Davelopment Tests. Flight vehicle aerodyramic and

aerothermal data are needed to establish that the vehicles survive flight, and
function properly under the imposed loads. For flight vahicles with a new or
significantly changed aerodynamic design, the fellowing wind-tunnel tests shall be

conducted:

a. Force and Moment Tests. These tests provide the resuitant

aerodynamic forces and moments acting on the vehicle during the
high-dynamic-pressure region of flight. Data from these tests are
used in both structural and control subsystem design and in trajectory

analysis.

b. Steady-State Pressure Tasts. These tests determine the spatial

distribution of the steady-state component of tha pressures imposed
on the vehicle’s external surfaces during the high-dynamic-pressure
region of flight. These data are used to obtain the axial airload
distributions which are used to evaluate the static-elastic
characteristics of the vehicle. These data are also used in
compartment venting analyses to determine burst and collapse
pressures imposed on the vehicle structure. The design and testing of
the payload fairing structure are particularly dependent upon
high-quality definition of thase pressures.
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Acradynamic Heating Tests. These tests determine the heating

effects due to fin and fuselage junctures, drag (friction), angle of
attack, flow transition, shock wave impingement, proximity effacts for
multibody vehicles, and surface discontinuit’ 2s. ,

Base Heating Tests. These tests determine the heating effects due to
thermal radiation, multiplume recirculation convection, plume-induced
flow separation on the vehicle body, and the base flow field.

Ibruster Plume-impingement Heating Tests. These tests determine

the heating effects due to impingement of thc thruster plumes.

(3 2 &3
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These tests define the spatial distribution of the unsteady or
fluctuating component of the pressures imposed on the vehicle
external surfaces during the high-dynamic-pressure region of flight.

‘These data are used to obtain the dynamic airloads acting to excite

the various structural modes of the vehicle and are used in aeroelastic,
flutter, and vibroacoustic analyses.

Ground-wind-inducad Oscillation Tests These tests define the

resultant forces and moments acting on the vehicle prior to launch
when it is exposed to the ground-wind environment. Flexible models
or elastically-mounted rigid models are used to simulate at least the
first cantilever bending moce of the vehicle. Nearby structures or
terrain, which may influence the flow around the vebhicle, shall also be

simulated.
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SECTION 6
QUALIFICATION TESTS

6.1 GENERAL QUALIFICATION TEST REQUIREMENTS

Qualification tests shall be conducted to demonstrate that the design,
manufacturing process, and acceptance program produce mission items that meet
specification requirements. In addition, the qualificacdon tests shall validate the
planned acceptance program inciuding test techniques, procedures, equipment,
instrumentation, end software. The qualification test baseline shall be tailored for
each program. Each type of flight item that is to be acceptance tested shall
undergo a corresponding qualification test, except for certain structural items as

identified hsarein.

in general, a single qualification test specimen of a given design shall b2
exposad to all applicable environmental tests. The use of multiple qualification test
specimens may 5o required for one-time-use devices (such as explosive ordnance -
or solid-propeliant rocket motors). Aside from such cases, multiple qualification
specimens of 8 given design may be used to enhance confidence in the
qualification process, but are not required by this Standard.

6.1.1 Qualification Hardwara. The hardware subjected to qualification testing

shall be produced from the same drawings, using the same materials, tooling,
manufacturing procass, and level of personnel compeotancy as used for flight
hardware. ideally, a qualification item would be rendomly selected from a group of -
production items. A vehicle or subsystem qualification test article should be
fabricated using qualification units to the maximum extent practicable.
Modifications are permitted if required to accommodate benign changes that may
be necessary to conduct the test. These changes include adding instrumentation
to record functional parameters, test control limits, or design parameters for
engineering evaluation. When structural items are rebuilt or reinforced to meet
specific s*rength or rigidity requirements, all modifications shall be structurally
identical to the changes incorporated in flight articles. The only testing required
prior to the start of qualification testing ‘of an item is the wear-in (7.4.10) to
achieve a smooth, consistent, and controlled operation of the item (such as for
moving mechanical assemblies, valves, and thrusters).

€.1.2 Qualification Test Lovels and Durations. To demonstrate margin, the

qualification environmental conditions shall stress the qualification hardware to
more severa conditions than the maximum conditions that might occur during
service life (3.5.6), including not only flight, but also a8 maximum time or number of
cycles that can bs accumulated :n acceptanca testing and retesting. Qualification
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testing, howaver, should not create conditior: that exceed applicable design safety

margins or cause unrealistic modes of f{ailure.

If the equipment is to be used by

more than one program, or in different vehicle locations, the qualification test
conditions should envelope those of the various programs or vehicle locations
involved. Typical qualification margins on the flight and acceptance test levels and
durations are summarized in Table V.

TABLE V. Typical Qualification Test Level Margins and Durations.

Test |

I

Units

S

Vebhicle

Shock

6 dB above maximum expected
environment, 3 times in both
directions of 3 axes

1 activation of all shock-
producing events; 2 additional
activations of controlling
events (6.2.3.3)

Acoustic*

6 dB above acceptance for 3
minutes

6 dB above acceptance for 2
minutes

Vibration*®

6 dB above acceptance for 3
minutes, each of 3 axes

6 dB above acceptance for 2
minutes, each of 3 axes

Thermal Vacuum
(Tables V, Vi)

10°C beyond acceptance
temperatures for 6 cycles

10°C beyond acceptance
temperatures for 13 cycles

Combined
Thermal Vacuum
and
Therma! Cycle
(Tables V, Vi)

10°C beyond acceptance
temperatures for 25 thermal
vacuum cycles and 53 %
thermal cycles

10°C beyond acceptance
temperatures for 3 thermal
vacuum cycles and 10
thermal cycles

Static Load

* Accelerated testing per 6.1.4.2 is assumed. Alsoc, durations generally are longer for

1.25 times the limit load for
unmanned flight or 1.4 times
the limit load for manned flight,
for a duration close to actual
flight loading timas '

Same as for unit, but only
tested at subsystem level

environments dominated by liquid engine or solid motor operation.

6.1.3 Thermal Vacyum and Thermal Cvcly Tests. The required number of

qualification thermal cycles is intended to demunstrate a capability for 4 times the

thermal fatigue potentially expended in service life (3.5.6).

The requirements

stated assume that such fatigue is dominated by acceptance testing, and that the
flight and other aipects (such as transportation) do not impose significant
edditional fatigue. It is further assumed that units, due to acceptance retesting.
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may be subjectad to as many as 2 times the number of thermal cycles specified for
a basic test. If a different limit on number of cycles is used, the required number
of qualification cycles shall be changed per note 5 of Table VI. No allowance is
made for accaptance rotest of vehicles. For both thermal.cycle and thermal
vacuum tests, the temperature ranges in Table V are the basis for the number of
cycles in Table VI for qualification and acceptance testing.

In instances where these baseline requirements' are not appropriate due to the
temperature range, acceptance retest allowance, or significance of the mission or
other service, the qualification number of cycles shall be modified per nots 5 of
Tabls VI. Also, the maximum allowable number of acceptance thermal cycles can
be extended sfter the original quali‘ication by performing the required additional
testing on the qualification test item necessary to meet the requirement in note 5

of Table VI.

Electrical and selectronic units, or units containing electrical and electronic
elemants, are subjected to multiple thermal vacuum cycles and thermal cycles for
the purpose of uncovering workmanship deficiencies by a process known as
“environmental stress screening.” Such screening is intended to identify defects
that may result in early failures. Therefore the number of cycles imposed is
generally unrelated to mission thermal cycles. For units not containing electrical or
electronic elemerits, only thermal vacuum testing is required and the number of
thermal cycles are considerably reduced (Table VI, 6.4.3.4, and 7.4.3.3).

6.1.4 Acoustic and Vihration Qualification, For the acoustic and vibration

environments, the qualification tests are Jesigned to demonstrate the ability of the
test item to endure both of the following:

a. The acceptahce test spectrum (7.1.2 or 7.1.53) for 4 times the maximum
allowable duration of accaptance testing of flight items, including any

retesting. .

b. The extreme expected spectrum (6 dB higher than acceptance, unless a
lesser meargin can bs justified per 3.3.2) for a duration of 4 times the
- fatigue equivalent duration in flight (3.3.3), but for not less chan 1 minute.

The maximum allowable duration of acceptance testing can be extendsd after the \
original qualification by perferming additional testing on the qualification test item. {
If one or more electrical or electronic units are involved, this additional acoustic or ' b

vibraticn testing shall be followed by at least 1.5 thermal cycles or 1.5 thermal , ¥
vacuum cycles. ’

Either the approach described in 6.1.4.1 or 6.1.4.2 may be selscted for f
conduct of the qualification testing. SR
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TABLE V. Temperature Ranges for Thermal Cycle (TC)
and Tharmal Vacuum (TV) Tests.

S . - A
Required Unit Vehicle .
Testing TC& TV TC TV
Acceptance (AT,) 105°C1 =50°C note 3
Qualification (AT,) 125°C2 >70°Cc? note 4

Notes: 1 Recommended, but reduced if impracticable or increased if necessary to
encompass operational temperatures (7.1.1).

2 AT, = AT, + 20°C.
3 Governsd by the unit that first reaches its hot or cold acceptance

temperature limit.
4 Like note 3, but for qualification temperature limit.

Symbols: AT, = Acceptance temperature range.
AT, = Qualification temperature range.

TABLE VI. Numbers of Cycles1 for Thermal Cycle {TC)
and Therma! Vacuum ({TV) Tests. ‘

I Unit Vehicle
) Acceptance Qualification | Acceptance | Qualification

“TG;‘;;"‘“ (Table XIi) (Table X) (Table XIl) | (Table Viil)

g NAE NM4 N05 N, NOS.G
Both: TC? 8.5 17 53.5 4 10

TV 4 8 25 1 3
Only TV 1 2 6 4 13
Only TC 12.5 25 78.5

Numbers of cycles correspond to temperature ranges in Table V.
Tests may be conducted in vacuum to be integrated with TV,

Notes: 1

2

3 For tailoring: N, = 10(125/AT,)'* for TC only and
4

5

for the sum of TC and TV when both conducted.
Naux = 2N,, but can be chenged to allow for more or less retesting.

Ng = 4NM(AT,/ATQ)1", assuming temperature cycling during mission
or other service is insignificant; if significant, additional cycling shall be

required using the same fatigue equivalence basis.
Naux = N, assuming that vehicle-level acceptance retesting will not be

conducted.

Symbols: N, = Required number of acceptance cycles.
Naux = Maximurn allowable number of acceptance cycles, including

retesting.
= Requirad number of gualification cycles.

No
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The two-condition approach to acoustic or

vioration qualification testing applies the acceptance test condition first (6.1.4a).
For example, if the maximum allowable duration of acceptance vibration testing per
axis is 6 minutes for any flight item, then 24 minutes of acceptance level vibration
per axis would be required to satisfy the acceptance condition part of quaslification.
This would be followed by 2 test at the extreme expected spectrum, tynically 6 dB

higher for 1 rinute per axis (6.1.4b)
6.1.4.2 Ag_cg_e_mgﬂe_:mg. All or any portion of the testing at the

acceptance level may be accelerated by replacing it with & reduced duration of

testing at the qualification level.

Table VIl shows tima reduction factors, rounded

to the nearest integer, for seiected combinations of margin and maximum test
tolerance on the spectrum at any frequency. For example, when the qualification
margin M is 6 dB and the test tolerance on the spectrum T is as high as 3 dB at
some frequency, the time reduction factor is 12. Then 24 minutes of acceptance
level testing could be acceleorated to 2 minutes of testing at the qualification level.
With a typical 1 minute test duration required for flight, the qualification test for
this example would apply the extreme expected level for a total of 3 minutes per

axis.

TABLE VIl. Tims Reduction Factorg, Acoustic and Random Vibration Tests.

Margin M (dB)

Maximum Test Tolerance
on Spectrum, T (dB)

Time Reduction Factor

6.0 +1.5 15
6.0 3.0 12
4.5 +1.5 7
4.5 +3.0 4
3.0 +1.5 3
3.0 +3.0 1

Note: In general, the time reduction factor is 10M
where T is sum of the absolute value of the negative tolerance for the

qualification test and the positive tolerance for the acceptance test.
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6.2 VEHICLE QUALIFICATION TESTS

The vehicle-lave! qualification test baseline shall include all the required tests
specified in Table VIIl. The "other” tests (3.5.4) deemed applicable, and additional
special tests that are conducted as acceptance tests for the vehicla element (such
as alignments, instrument calibrations, antenna patterns, and mass properties),
shall also be conducted as part of qualification testing. Vehicle elements controlled
by on-board data processing shall have the flight version of the computer software
resident in the on-board computer. Verification of the operational requirements
shall be demonstrated to the maximum extent practicable.

| TABLE Viil. Vehicle Qualification Test Baseline.

rest | Bofoncn | Suspened | Vavesh | Vreshsteee [ St
Inspection’ 4.4 1 R R R
Functional' 6.2.1 2 R R R
Pressure/leakage 6.2.6 3,7,11 R R R
EMC 6.2.2 4 R R R
Shock 6.2.3 5 R R R
Acoustic )2 6.2.4
or } or } 6 o R R
Vibration 6.2.5
Thermal Cycle® 6.2.7 8 (o] (o) o)
Thermal Balance* 6.2.8 9 - R R
Thermal Vacuum 6.2.9 10 o] R R
Modal Survey 6.2.10 any R R R
All vehicle qualification requirements to be specified by the procuring
agency (4.1). Symbols (10.2.1.3) indicate the following:
R == baseline requirement (high probability of being required)
O = "other” {low probability of being required; 3.5.4)
— = not required (negligible probability of being required).
Notes: 1 Requited before and after each test as appropriate. Include

special tests as applicable {6.2).
2 Vibration conducted in place of acoustic test for a compact
vehicle typically with mass less than 180 kg {400 Ib).
3 Pequired if thermal cycling acceptance test (7.2.7) conducted. |
4 May be combined with thermal vacuum test. Py
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6.2.1 Eunctional Test, Vehicle Qualification

6.2.1.1 Purpose. The functional test verifies that the mechanical and
electrical performance of the vehicle meet the specification requirements, including
compatibility with ground support equipment, and validates all test techniques and
software algorithms used in computer-assisted commanding and data processing.
Proper operation of all redundant units or mechamsms should be demonstrated to

the maximum extent practicable.

6.2.1.2 Mechanical Functional Test. Mechanical devices, valves, deployables,

and separation subsystems shall be functionally tested at the vehicle level in the
launch, orbital, or recovery configuration appropriate to the function. Alignment
checks shall be made where appropriate. Fit checks shall be made of the vehicle
physical interfaces using master gages or interface assemblies. The test should
validate that the vehicle performs within maximum and minimum limits under
worst-case conditions including environments, time, and other applicable
requirements. Tests shall demonstrate positive margins of strength, torque, and
related kinematics and clearances. Where operation in earth gravity or in an
operational temperature environment cannot be performed, a suitable ground test
fixture may be used to permit operation and performance evaluation. The pass-fail
criteria shall be adjusted as appropriate to account for worst-case maximum and
minimum limits that have been modified to adjust for ground test conditions.

6.2.1.3 Electrical and Fiber-aptic Circuit Functional Test. The vehicle should

be in its flight configuration with all units and subsystems connected, except
explosive-ordnance elements. The test shall verify the integrity of electrical and
fiter-optic circuits, including functions, redundancies, end-to-end paths, and at
least nominal performance, including radio-frequency and other sensor inputs.
End-to-end sensor testing may be accomplished with a self-test or coupled inputs.

The test shall be designed to operate all units. primary and redundant, and to
exzreise all commands and operational modes to the extont practicable. The
operation of all thermally controlied units, such as heaters anc thermostats, shall
ba verified by test. Where control of such units is implemented by sensors,
electrical or electronic devices, coded algorithms, or a computer, end-to-end
performance testing should be conducted. The test shall demonstrate that all
cormmands having precondition requirements (s\uch as enable, disable, a specific
equipmant configuration, and a specific comma‘\nd sequance), cannot be executed
urless the preconditions are satisfied. Whenever practicable, equipment
performanse parameters that might affect end-te-end performance {such as power,
voltags, gain, frequercy, command and data rates) shall be varied over
specification ranges to demonstrate the performance. Autonomous functions shall
be verified to occur when the conditions exist for which they are designed.
Continuous monitoring of several perceptive parameters, including input and output
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parameters, and the vehicle main bus by 8 power transient monitoring device, shall
be provided to detect intermittent failures.

For at least one functional test in the qualification sequence, the vehicle shall
be operatad through a mission profile with all events occurring in actual flight
sequence to the extent practicable. This sequence shall include the final
countdown, launch, ascent, separation, upper-stage operation, orbital operation,
and return from orbit as appropriate. All explosive-ordnance firing circuits shall be
energized and monitored during these events to verify that the proper energy
density is delivered to each device and in the proper sequence. All measurements
that are telemetered shall also be monitored during appropriate portions of these

events to verify proper operations.

6.2.1.4 Supplementary Requirements. Functional tests shall be conducted

before and after each of the vehicle tests to detect equipment anomalies and to
assure that performance meets specification requirements. These tests do not
require the mission profile sequence. Sufficient data shall be analyzed to verify the
adequacy of the testing and the validity of the data before any change is made to
an environmental test configuration, so that any required retesting can be readily
accomplished. During these tests, the maximum use of telemetry shall be
employed for data acquisition, problem identification, and problem isolation.
Functional tests required during individual vehicle tests are specified in connection

with each test.
6.2.2 Electromagnetic Comgatibility Test, Vehicle Qualification

6.2.2.1 Purpose. The electromagnetic compatibility test demonstrates
electromagnetic compatibility of the vehicle and ensures that adequate margins
exist in a simulated launch, orbital, disposal, and return-from-orbit electromagnetic

environment.

6.2.2.2 Jest Description. The operation of the vehicle and seiection of
instrumentation shall be suitable for determining the margin against malfunctions

and unacceptable or undecired responses due to electromagnetic incompatibilities.
The test shall demonstrate satisfactory electrical and electronic equipment
operation in conjunction with the expected electromagnetic radiation from other
subsystems or equipment, such as from other vehicle elements and ground support
equipmeant. The vehicle shall be subjectcu to the required tests while in the
launch, orbital, and return-from-orbit configurations and in all possible operationas!
modaes, as applicable. Special attention shall be given to areas indicated to be
marginal by analysis. Potentia! electromagnaetic interference from the test vehicle
to other subsystems shall be measured. The tests shall be conducted according to
the requirements of MIL-STD-7241. The tests shall include but not be limited to

three main segments:
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8. Radiated emissions susceptibility.

b. Intersystem radiated susceptibility.
c. External radie frequency interference susceptibility.

Explosive-ordnance devices having bridge wires, but otherwise inert, shall be
installed in the vehicle and monitored during all tests.

6.2.3 Shock Test, Vehicle Qualification | B

6.2.3.1 Purpase. The shock test demonstrates the capability of the vehicle to
withstand or, if appropriate, to operate in the induced shock environments. The
shock test also yields the data to validate the extreme and maximum expected unit

shock requirement (3.3.7).

6.2.3.2 Test Dascription. The vehicle shall be supported and configured to
allow flight-like dynamic response of the vehicle with respect t¢ amplitude, -
frequency content, and paths of transmission. Support of the vehicle may vary
during the course of a suries of shock tests in order to reflect the configuration at
the time of each shock event. Test setups shall avoid undue influence of test
fixtures, andg prevent recontact of separated portions.

In the shock test or serigs of shock tests, the vehicle shall be subjected to
shock transients that simulate the extreme expected shock environment (3.3.7) to E
the extent practicable. Shock events to be considered include separations and oo
deployments initiated by explosive ordnance or other devices, as well as impacts |
and suddenly applied or released loads that may be significant for unit dynamic
response (such as due to an engine transient, parachute deployment, and vehicle
landing). All devices on the vehicle capable of imparting significant shock
excitation to vehicle units shall be activated. Those potentially significant shock v
sources not on the vehicle under test, such as on an adjoining payload fairing or a
nearby stag:ng joint, shall also be actuated or simulated and applied through

appropriate interfacing structures. Dynamic instrumentation shall be installed to
measure shock responses in 3 orthogonal directions at attachments of selected \}.\
units.

6.2.3.3 Iest Activations. All explosive-ordnance devices and other potentially
significant shock-producing devices or events, including those from sources not
installad on the vehicle under test, shall be activated at least one time or simulated
as appropriate. Significant shock sources are those that induce a shock responss
spectrum (3.3.7) at any unit location that is within 6§ dB of the envelope of the
shock response spectra from all shock sources. The significant sources shall be
activated 2 additional times to provide for variability in the vehicle test and to
provide data for prediction of maximum and extreme expected shock environments
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for units (3.3.2). Activation of both primary and redundant devices shall be carried
out in the same sequence as they are intended to operate in service.

6.2.3.4 Supplementary Requirements. Electrical and electronic units shall be

operating and monitored to the maximum extent practicable. Continuous
monitoring of several perceptive parameters, including input and output
parameters, and the vehicle main bus by a power transient monitoring device, shall
be provided to detect intermittent failures.

6.2.4 Acoustic Test, Vehicle Qualification

6.2.4.1 Purposa. The acoustic test demonstrates the ability of the vehicle to
endure acoustic acceptance testing and meet requirements during and after
exposure to the extreme expected acoustic environment in flight (3.3.4). Except
for items whose environment is dominated by structure-borne vibration, the
acoustic tes® also verifies the adequacy of unit vibration qualification levels and
serves as a Jualification test for items not tested at a lower level of assembly.

6.2.4.2 JYest Description. The vehicle in its ascent configuration shall be
installed in an acoustic test facility capable of generating sound fields or fluctuating
surface pressures that induce vehicle vibration environments sufficient for vehicle
qualification. The vehicle shall be mounted on a flight-type support structure or
reasonable simulation thereof. Significant fluid and pressure conditions shall be
replicated to the extent practicable. Appropriate dynamic instrumentation saall be
installed to measure vibration responses at attachment points of critical and
representative units. Control microphones shall be placed at a minimum of 4
weli-separated locations, preferably at one half the distance from the test article to
the nearest chamber wall, but no closer than 0.5 meter (20 inches) to both the test
erticle surface and the chamber wall. When test article size exceeds facility
. capability, the vehicle may be appropriately subdivided and acoustically tested as

one cr more subsystems or assemblies.

6.2.4.3 Tast Level and Durstion. The test shall be conducted per 6.1.4. The

typical version of the test involves accelerated acceptance-level testing per 6.1.4.2
and applies the qualification-level spectrum for a total of 2 minutes. This is based
on a qualification margin of 6 dB, a maximum of 3 minutes of accumulated
acceptance testing on a flight vehicle, and a fatigue equivalent duration of not
greater than 15 seconds. Operating time should be divided approximately equally
between redundant functions. Where insufficient test time is available to test
redundant units, functions, and modes that are operating during the launch,
ascant, or reentry phass, extended testing shall be performed at a level no lower
than 6 dB below the qualification level.
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6.2.4.4 Supplementary Reguirements. During the test, alf electrical and

electronic units, even if not operating during launch, shall be electrically energized
and sequenced through operational modes to the maximum extent practicable,
with the exception of units that may sustain damage If energized. Continuous
monitoring of several perceptive parameters, including input and output
parameters, and the vehicle main bus by a power transient monitoring device, shall

be provided to detect intermittent failures.

6.2.5 Vibretion Test, Vehicle Qualification. The vibration test may be

conducted instead of an acoustic test (6.2.4) for small, compact vehicles which
can be excited mors effectively via interface vibration than by an acoustic field.
Such vehicles typically have a8 mass under 180 kilograms (400 pounds).

6.2.5.1 Purposa. The vibration test demonstrates the ability of the vehicle to
endure vibration acceptance testing and meet requirements during and after
exposure to the extreme expected environment in flight (3.3.8). Except for items
whose response is dominated by acoustic excitation, the vibration test also verifies
the adequacy of unit vibration qualification levels and serves as a qualification test
for items that have not baen tested at a lower level of assembly.

6.2.5.2 Yest Dascrintion. The vehicle and a flight-type adapter, in the ascent
configuration, shall be vibrated using one or more shakers through appropriate
vibration fixtures. Vibration shall be applied in each of 3 orthcgonal axes, one
direction being parallel to the vehicle thrust axis. Instrumentation shall be installed
to measure, in those same 3 axes, the vibration inputs and the vibration responses

at attachment points of critical and representative units.

6.2.5.3 TYeaat Levels and Duration. The test shall be conducted per 6.1.4 to

produce the required spectrum &t the input to the vehicle or at attachment points
of critical or representative units, as spacified. When necessary to prevent :
unrealistic input forces or unit responses, the spectrum at the vehicle input may be
limited or notched, but not below the minimum spectrum for a vehicle (7.1.3). The
typical version of the test for each axis involves accslaerated acceptance-level
testing per 6.1.4.2 and applies the qualification spectrum for 2 minutes (same
basis as in 6.2.4.3). Oparsting time should be divided approximately equally
between redundant functions. Where insufficient test time is available to test
redundant units, functions, and modes that are operating during the laurich,

ascent, or reentry phase, extended testing shall be performed st a level no lower

than 6 dB below ths qualification level.

6.2.5.4 Supnlamants ant3. Same a8s 6.2.4.4, except that the
structural response shall also be momtored to ensure that no unrealtstuc test
conditions occur.
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6.2.6 Pressure and Leakage Tests, Vehicle Qualification

6.2.6.1 Purpose. These tests demonstrate the capability of pressurized
subsystems tc mest the specified flow, pressure, and leakage rate requirements.

6.2.6.2 Test Description. The vehicle shall be placed in a facility that
provides the services and safety conditions required to protect personnel and

equipment during the testing of high-pressure subsystems and in the handling of
dangerous fluids. Preliminary tests shall be perfermed, as necessary, to verify
compatibility with the test setup and to ensure proper control of the equipment and
test functions. The requirements of the subsystem including flow, leakage, and
regulation shall be measured while operating applicable valves, pumps, and motors.
The flow checks shall verify that tha plumbing configurations are adequate.

Checks for subsystem cleanliness, moisture levels, and pH levels shall also be
made. Whaere pressurized subsystems are assembled with other than brazed or
welded connections, the specified torque values for these connections shall be
verified prior to the initial qualification leak check.

In addition to the high-pressure test, propellant tanks and thruster valves shall
be tested for leakage under propellant servicing conditions. The subsystem shall
be evacuated to the internal pressure normally used for propeliant loading and the
pressure monitored for decay as an indication of leakage.

~ 6.2.6.3 Tast Levpls and Durations.

8. For launch and upper-stage vehicles which contain pressurized
structures, the pressurized subsystem shall be pressurized to a proof
pressure which is 1.1 times the maximum expected operating
pressure (MEOP) and held constant for a short dwell time, sufficient
to assure that the proper pressure was achieved within the allowed
test tolerance. The test pressure shall then be reduced to the MEOP

for leakage inspection.

'b. For space vehicles, unless specified otherwise, the pressurized

\ subsystems shall be pressurized to a proof pressure which is 1.25

| times the MEOP and held for 5 minutes and then the pressure shall be
reduced to the MEOP. This sequence shall be conducted 3 times,
followed by inspection for leakage at the MEOP. The duration of the
evacuated propulsion subsystem leakage test shall not exceed the

time that this condition is normally experienced during propellant

loading.
6.2.6.4 Supplementary Requiraments. Applicable safety standards shall be

followed in conducting all tests. Tests for detecting external leakage shall be
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performed at such locations as joints, fittings, plugs, and lines. The acceptable
ieakage rate to meet mission requirements shall be based upon an appropriate
analysis. In addition, the measurement technique shall account for leakage rate
variations with pressure and temperature and have the required threshold,
resolution, and accuracy to detect any leakage equal to or greater than the
acceptable leak rate. If appropriate, the leakage rate measurement shall be
performed at the MEOP and at operational temperature, with the representative
fluid commodity, to account for dimensional and viscosity changes. Times to
achieve thermai and pressure equilibrium, test duration, and temperature sensitivity
shall be determinad by an appropriate combination of analysis and development
test, and the results documented. Leakage detection arnd measurement procedures
may require vacuum chambers, bagging of the entire vehicle or localized areas, or
other special techniques to achieve the required accuracies. |

6.2.7 Tharmal Cvcle Test, Vehicle Qualification

6.2.7.1 Purposa. The thermal cycle test demonstrates the ability of the
vehicle to withstand the stressing associated with flight vehicle thermal cycle
acceptance testing, with a qualification margin on temperature range and maximum
number of cycles. The thermal cycle test, in combination with a reduced-cycle
thermal vacuum test, can be selected as an alternate to the thermal vacuum test

(6.2.9 and Table Vi). :

6.2.7.2 Iast Dascrintionn. The vehicle shall be placed in a thermal chamber at
ambient pressura, and a functional test shall be performed to assure readiness for
the test., The vehicle shall be operated and monitored during the entire test,
except that vehicle power may be turned off if necessary to reach stabilization at
the cold temperature. Vehicle operation shall be asynchronous with the
temperature cycling, and redundant units shall be operated for approximately equal

times.

When the relative humidity of the inside spaces of the vehicle is below the
value at which the cold test tamperature would cause ccndensation, the
temperature cycling shall begin. Ons complete thermal cycle is a period baginning
at ambient temperature, then cycling to one temperature extrama and stabilizing
(3.5.7), then to the other tempersature extreme and stabilizing, and then returning
to ambient temperatura. Strategically placed temperature monitors installed on
units shall assure attainment and stabilization of the expsected temperature
extremes for several units. Auxiliary heating and cooling may be employed for
selected temperature-sensitive units {(e.g., batteries). If it is necessary in order to
achieve the required tempsrature rate of change, parts of the vehicle such as solar
arrays and passive thermal equipmerit may be removed for the test. The last
thermal cycle shall contain cold and hot soaks during which the vehicle shall
undergo a functional test, including testing of redundant units.
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6.2.7.3 Test Level and Duration. The minimum vehicle temperature range
shall be 70°C from the hot to the cold condition (Table V). With the 70°C

qualification temperature range, the required number of cycles shall be 10. For
other ranges, see Table VI. The average rate of change of temperature shall be as

rapid as practicable.

6.2.7.4 Supplementary Requirements. Continuous monitoring of several

perceptive parameters, including input and output parameters and the vehicle main
bus by a power transient monitoring device, shall be provided to detect intermittent
failures. Moisture condensation inside of electrical and electronic units shall be
prevented. Combinations of temperature and humidity which allow moisture
deposition either on the exterior surfaces of the vehicle or inside spaces where the
humidity is slow to diffuse (for example, multilayer insulation) shall be avoided.

6.2.8 Thermal Bslance Test, Vehicle Qualification

6.2.8.1 Purpose. The thermal balance test provides the data nacessary to
verify the analytical thermal mode! and demonstrates the ability of the vehicle
thermal control subsystem to maintain the specified operational temperature limits
of the units and throughout the entire vehicle. The thermal balance test also
verifies the adequacy of unit thermal design criteria. The thermal balance test =i
be combined with the thermal vacuum test (6.2.9).

6.2.8.2 Xest Description. The qualification vehicle shall be tested to simulate
the thermal environment experienced by the vehicle during its mission. Tests shall
be capable of validating the thermal model over the full mission range of seasons,
equipment duty cycles, ascent conditions, solar angles, maximum and minimum
unit thermal dissipations including effects of bus voltage variations, and eclipse
combinations so as to include the worst-case hot and cold temperatures for all
vehicle units. As a8 minimum, two test conditions shall be imposed: a worst hot
case and a8 worst cold case. If practicable, 2 additional cases should be imposed:
a transient for correlation with the mode! and a case chosen to check the validity
of the corrolated model. Special emphasis shall be placed on defining the test
conditions expeacted to produce the maximum and minimum temperatures of
sengitive units such as batteries. Sufficient measurements shall be made on the
vehicle internal and external units to verify the vehicle thermal design and
analyses. The power requirements of all thermostatically or electronically
controlled heaters and coolers shall be verified dunng the test, and appropriate

control autherity demonstrated.

The test chamber, with the test item installed, shall provide a pressure of no
higher than 13.3 millipascal (10°* Torr) for space and upper-stage vahicles, or &
pressure commensurate with service altitude for launch vehicles. Where
appropriate, provisions should be made to prevent the test item from "viewing*
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warm chamber walls, by using black-coated cryogenic shrouds of sufficient area
and shape that are capable of approximating liquid nitrogen temperatures. The
vehicle tharmal environment may bs supplied by one of the following methods:

8. Absorbed Flux. The absorbed solar, albedo, and planetary irradiation
is simulated using heater panels or infrared (IR) lamps with their
spectrum adjusted for the external thermal coating properties, or using
electrical resistance heaters attached to vehicle surfaces.

b. Incident Flux. The intensity, spectral content, and angular distribution
of the incident solar, albedo, and planetary irradiation are simulated.

nle adis ; peraturga. The equivalent radiation sink
temperaiure is sumulated usmg mfrared lamps and calorimeters with
optical properties identical to those of the vehicle suiface.

d. Combination. The thermal environment is supplied by a combination
of tha above methods.

The selection of the method and fidelity of the simulation depends upon details
of the vehicle thermal design such as vehicle geometry, the size of internally
produced heat loads compared with those supplied by the external environment,
and the thermal characteristics of the extarnal surfaces. Instrumentation shall be
incorporated down to the unit isvel to evaiuate total vehicle performance within
operational limits as well as to identify unit problems. The vehicle shall be
operated and monitored throughout the test. Dynamic flight simulation of the
vehicle thermal environment should be provided unless the external vehicle
temperature does not vary significantly with time. {See 10.3 regarding formation

of a Test Evaluation Team.)

6.2.8.3 Test Levels and Duration. Test conditions and durations for the

thermal balance test are dependent upon the vehicle configuration, design, and
mission details. Normally, boundary conditions for evaluating thermal design shall

include both of the following:

a. Maximum extemal absorbed ﬂux plus maximum internal power
dissipation.

b. Minimum external absorbed flux plus minimum internal power
dissipation.

The thermal time constant of the subsystems and mission profile both influence
the time raquired for the vehicle to achieve thermal equilibrium and hence the test

duration.
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6.2.8.4 Supplementary Reguiraments. Success criteria depend not only on

survival and operation of each item within specified temperature limits, but also on
correlation of the test dats with theoratical thermal models. As a goal, correlation

of test results to the thermal model predictions should be within £ 3°C. Lack of
correlation with the theoretical models may indicate either a deficiency in the

model, test setup, or vehicle hardware. The correlated thermal math modal shall y
be used to make the final temperature predictions for the various mission phases ‘
(such as prelaunch, ascent, on-orbit, and disposal orbit). ’

6.2.9 Thermal Vacuum Test, Yehicle Quelificatiun.

6.2.9.1 Purpose. The thermal vacuum test demonstrates the ability of the .
vehicle to meet qualification requirements under vacuum conditions and :
temperature extremes which simulate those predicted for flight plus a design
margin, and to withstand the thermal stressing environment of the vehicle thermal
vacuum acceptance test plus a qualification margin on temperature range and

number of cycies.

6.2.9.2 Test Description. The vehicle shall be placed in a thermal vacuum
chamber and a functional test performed to assure readiness for chamber closure.
Tha vehicle shall be divided into separate equipmer.t zones, based on the limits of
the temperature-sensitive units and similar unit qualification temperatures within
each zone. Units that operate during ascent shall be operating and monitored for
corona and multipacting, as applicable, as the pressure is reduced to the lowest
specified lavel. The rate of chamber pressure raeduction shall be no greater than
during ascent, and may have to be slower to allow sufficient time to monitor for
corona and multipacting. Equipment that does not operate during launch shall
have electrical power applied after the lowest specified pressure level has been
resched. A thermal cycle begins with the vehicle at ambient temperature. The
temperature is raised to the specified high level and stabilized {3.5.7). Following
the high-temperature soak, the temperature shall be reduced to the lowest B
specified lsvel and stabilized. Following the low-temperature soak, the vehicle
shall be returned to ambient temperature to coimiplete one thermal cycle.
Funcilional tests shall be conducted during the first and last thermal cycie at both
the high- and low-temperature limits with functional operation and monitoring of
perceptive parametars during all othar cycles. If simulation of the ascent
environment i3 desirable at the beginning of the test, the first cycle may begin with
8 transition to cold thermal environment, rather than a hot thermal environment.

In addition to the thermal cycles for an uppar-stage or space vehicle, the
chamber may be programmed to simulate various orbital flight cparations.
Execution of opsrational sequences shall be coordinated with expected
environmental conditions, and a complete cycling of all equipment shall be

45




MIL-STD-1540C

performed including the operating and monitoring of redundant units and paths.
Vehicle electrical equipment shall bs operating and monitored throughout the test.
Temperature monitors shall assure attainment of temperature limits. Strategically
placed witness plates, quartz crystal microbalancas. or other instrumentation shall
be installed in the test chamber to measure the outgassing from the vehicle and

test equipment.

6.2.9.3 Test Levels and Durstion. Temperatures in various equipment areas

shall be controlled by the external test environment and interna: heating resulting
from equipment operation. During the hot and cold half cycles, the temperature
limit is reachad as soon as one unit in each equipment area is at the hot or cold
temperature reached during its qualification thermal testing. Unit temperatures
shall not be allowed to go outside their qualification range at any time during the
test. The pressure shall be maintained at no higher than 13.3 millipascal (104
Torr) for space and upper-stage vehicles and, for !aunch vehicles, at no higher than
the pressure commensurate with the highest possible service aititude. When the |
alternate thermal cycle test (6.2.7) is not performed, the thermal vacuum
qualification test shall include at least 13 complete hot-cold cycles (Table Vi).
When thermal cycling is performed, the thermal vacuum qualification test shall
include at least 3 complete hot-cold cycles (Table Vi).

The rate of temperature change shall equal or exceed the maximum predicted
mission rate of change. Tha temperature soak (3.5.10) shall be at least 8 hours at
each teamperature extreme during the first 2nd last cycles. For intermediate cycles,
the soak duration shall be at least 4 hours. Operating time should be divided :
approximately equally between redundant units. - |

6.2.9.4 pplems Rag snts. Continuous monitoring of several
perceptive parameters, mcludnng input and output parameters, and the vehicle main
bus by a power transient monitoring device, shall be provided to detect intermittent
tailures. it may be necessary to achieve tamperature limits at certain locations by
altering thermal boundary conditions locally or by &ltering the operational sequence
to provids additional heating or cooling. Adjacent equipments may be turned on or
off; howevar, any gpeaclal conditioning within the vehicle shall generally be avoided.
External baffling, shadowing, or heating shall be utilized to the extent feasible.
The vehicle shall be operated over the qualification temperature rangs, although
performance within specification is not required outside of 10°C beyond the
maximum and minimum expectad temperatures.

6.2.10.1 Purpoga. The .mode survey test (or modal survey) is conducted to
experimentally deriva a structural dynamic mode! of a vahicia or to provide a basis
for test-verification of an analytical modsl. After upgrading analytically to the flight
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configuration (such as different propellant loading and minor differences between
flight and test unit mass properties), this model is used in analytical simulations of
fiight loading events to define the verification-cycle structural loads environment.
These loads are used to determine structura! margins and adequacy of the
structural static test loading conditions (6.3.1). They are therefore critical for
verification of vehicle structural integrity and qualification of the structural
subsystem as flight-ready. Where practicable, a modal survey is also performed to
define or verify models used in the final preflight evaluation of structural dynamic

effects on control subsystem precision and stability.

6.2.10.2 Jest Description. The test article shall consist of flight-quality
structure with assembled units, payloads, and other major subsystems, and shall

contain actual or simulated liquids at specified fill-levels. For large vehicles,
complexity and testing practicability may dictate that tests be performed on
separate sections of the vehicle. For large launch vehicles in particular, practicality
may also dictate use of an integrated program of ground and flight tests, involving
substantial flight deta acquisition and analysis, to acquire the necessary data for
model verification. Wire harnesses may be instailed for the mode survey test, but
are not required. Mass simulators may be used to represent a flight item when its
attachment-fixed resonances have been demonstrated by test to occur above the
frequency range of interest established for the modal survey. Dynamic simulators
may be used for items that have rescnances within the frequency range of interest
if they are accurate dynamic representations of the flight item. Alternatively, mass
simulators may be used if flight-quality items are subjected saparately to 8 modal
survey meeting quaslification requirements. All mass simulators are to include
realistic simulation of interface attach structure and artificial stiffening of the test

structure shall be avoided.

The data obtained in the modal survey shall be adequate to define the resonant
frequencies and associated mode shapes and damping values, for 8ll modes that
occur in the frequency range of interast, generally up to at least 50 Hz. In
addition, the primary mode shall be acquired in each coordinate direction, even if
its frequency liss outside the specified test ranga. The test modes are considered
to have accaptable quality when they are orthogonal, with respect to the analytical
mass matrix, to within 10 percent. (See 10.3 regarding formation of a Test
Evaluation Team to facilitate deviations from these requirernents.)

6.2.10.3 Jaat Levels. The test is geonerally conducted at response lavels that
are low compared to the expected flight levels. Limited testing shall be conducted
- to evaluate nonlinear behavior, with a minimum of 3 levels used when significant

nonlinearity is identified.
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6.2.10.4 Supplementary Reguirements.
6.2.10.4.1 Correlation Racuirements. When the modal survey data are used

to test-verify an analytical dynamic model for the verificatior -cycle loads analyses,
rather than to define the model directly, adequate model-to-12st correlation shall be

demonstrated quantitatively as follows:

a. Using 8 cross-orthogonality matrix formen from the analytical mass
matrix and the analytical and test modes, corresponding modes are to
exhibit at least ¥5-percent correlation and dissimilar modes are to be

orthogonal to within 10 percent.

b. Analytical model frequencies are to be within 3 percent of test
frequencies. : '

With adequate justification, limitad exceptions to this standard of correlation are
acceptable for problem modes; a!so, alternative quantitative techniques can be
used if their criteria for accentability are cqmparable. v

6.2.10.4.2 Pretest Roguirements. Because of their criticality to achieving a

succeassful test, appropriate oretest analyses and experimentation shall be
performed to:

a. Establish adequacy of the test instrumentation.

b. Evaluate the test stand and fixturing to preclude any boundary
condition uncertainties that could compromise test objectives.

c. Verify that mass sirnulators have no rescriances within the frequency
range of interast.

6.3 SUBSYSTEM QUALIFICATION TESTS

Subsysiem qualification tests shall be conducted on subsystems for any of the
following purposes:

a. To verify their design.
b. To quslify those subsystems that ars subjected to environmental
scceptance tests.

c. When this level of testing provides a more realistic or more practical
test simulation than testing at another level of assembly.

For purpose ¢, included are tests such as the required structural static load test,
and environmental tasts where the entire flight item is too large for existing
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facilities. Also, the qualification of certain units such as interconnect tubing or
wiring may be more readily completed at the subsystem level rather than at the
unit leve!. In this case, the appropriate unit tests may be conducted at the
subsystem level to complete required unit qualification tests. Types of subsystem
that are not specifically identified herein may oe tested in accordance with the
vehicle level test requirements. Subsystem qualification test requirements are

listed in Table IX.

6.3.1 Structural Static Load Test, Subsystem Qualification.

6.3.1.1 Purpose. The structural static load test demonstrates the adequacy
of the subsystem structures to meet requirements of strength and stiffness, with
the desired qualification margin, when subjected to simulated critical environments
(such as temperature, humidity, pressure, and loads) predicted to occur during its

service life (3.5.6).

6.3.1.2 Test Descript :n. The support and load application fixture shall
consist of an adequate replication of the adjacent structural section to provide

boundary to determine the proper sequencing or simultaneity for application of
thermal stresses. When prior loading histories affect the structural adequacy of
the test article, these shall be included in the test requirements. If more than one
design ultimate load condition is to be applied to the same test specimen, a
method of sequential load application shall be developed by which each condition
may, in turn, be tested to prograssively higher load levels. The final test may be
taken to failure to substantiate the capability to accommodate internal load
redistribution, and to provide data for any conditions which simulate those existing
in the flight article. Static loads representing the design yield load (3.4.5) and the
design ultimate load (3.4.4) shall be applied to the structure, and measurements of
the strain and deformation shall be recorded. Strain and deformation shall be
measured before loading, after removal of the yield loads, and at several
intermediate levels up to yield load for post-test diagnostic purposes. The test
conditions shall encompass the extreme predicted combined effects of
acceleration, vibration, pressure, preloads, and temperature. These effects can be
simulated in the test conditions as long as the failure modes are covered and the
design margins are envaloped by the test. For example, temperature effacts, such
as material strength degradation and additive thermal stresses, can often be
accounted for by increasing mechanical loads. Analysis of flight profiles shall be
used in subsequent design modification effort, and to provide data for use in any
weight reduction programs. Fasilure at design yield load means material gross
yielding or deflections which degrade mission performance. Failure at design
ultimate load means rupture or coilapse. (See 10.3 regarding formation of a Test

Evaluation Team.)
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TABLE IX. Subsystem Qualification Test Baseline.

Launch
TEST g::aere:gc: Structure Exs;):;znt 1 Vehicle I::a\(lpad
grap P Subsystem airing
Static Load 6.3.1 R o4 o4 R
Vibration 6.3.2 ‘
or ‘ o' o! o2 RS
Acoustic 6.3.3
Thermal
Vacuum 6.3.4 o) R3 02 o]
Separation 6.3.5 R - - R
Mechanical
Functional 6.2.1.2 o] o] o4 R

All vehicle qualification requirements to be specified by the procuring
agency {(4.1). Symbols (10.2.1.3) indicate the following:

R = baseline requirement (high probability of being required)

O = “other” (low probability of being required; 3.5.4)

— = not required (negligible probability of being required).

Notes: 1 Vibration conducted in place of acoustic test for a compact
subsystem.
2 Required for subsystems containing critical equipment
(for example, guidance equipment;. Not required if performed
at the vehicle level.
3 Discretionary if performed at the vehicle level.
4 Required if not performed at another level of assembly.

b Acoustic test required.

6.3.1.3 Jast Levals and Duration

a. Static Loads. Unless otherwise specified, the design ultimate load
test shall be conducted at 1.4 times the limit load for manned flight,
and 1.25 times the limit load for unmanned flight. The design yield
load test shall be conducted at 1.0 times limit load for both manned

end unmanned flight.

b. Jemporature. Critical flight temperature and load combinations
be simulated or taken into account.

1Y)
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c. Duration of Loading. Loads shall be applied as closely as practicable
to actual flight loading times, with a dwel time not longer than
necessary to record test data such as stress, strain, deformation, and

temperature. )

6.3.1.24 Supplementary Requirements. Pretest analysis shali be conducted to

identify the !ycations of minimurn design margins and associated failure modes that
correspond to the selected critical test load conditions. This analysis shall be used
to locate instrumaentation, to determine the sequence of loading conditions, and to
provide early indications of anomalous occurrences during the test. This analysis
shall slso form the basis for judging the adequacy of the test loads. In cases
where 8 load or other environment has 8 relieving, stabilizing, or other beneficial
effect on the structural capability, the minimum, rather than the maximum,
expected value shall be used in defining limit-level test conditions. In very complex
structures where simulation of the actual flight loads is extremely difficult, or not
feasible, multiple load cases may be used to exercise all structural zones to design

yield and design ultimate loads.
6.3.2 Vibration Test, Subsystem Qualification
6.3.2.1 Purposa. Same as 6.2.5.1.
6.3.2.2 Test Description. Same as 6.2.5.2.
6.3.2.3 Test Levels and Duration. Same as 6.2.5.3.
6.3.24 mmgmmammmmgma Same as 6.2.5.4.
6.3.3  Acoustic Test, Subsvstem Quafification
6.3.3.1 Purpose. Same as 6.2.4.1.
6.3.3.2 Test Description. Same as 6.2.4.2.
6.3.3.3 Teat Levels and Duration. Same as 6.2.4.3.

6.3.3.4 Sunplomsentary Requirements. Same as 6.2.4.4, as applicable.
" 8.34 lificati

™ 6.3.4.1 Purpose. Same &s 6.2.9.1..

6.3.4.2 TIaat Dozaciiption. Same as 6.2.9.2.

51

e

ki

-t




MIL-STD-1540C

6.3.4.3 Test Levels and Duration. Same as 6.2.9.3,
8.3.4.4 Supplementary Requirements. Same as 6.2.9.4.

€.3.5

6.3.5.1 Purpose. The separation test demonstrates the adequacy of the
separation subsystem to meet its performance requirements on such parameters
as: separation velocity, scceleration, and angular motion; time to clear and
clearances between separating hardware; flexible-body distortion and loads;
amount of debris; and explosive-ordnance shock levels. For a payload fairing using
8 high-energy separation subsystem, the test also demonstrates the structural
integrity of the fairing and its generic attachments under the separation shock
loads environment. Tha data from the separation test are also used to validate the
analytical method and basic assumptions used .n the separation analysis. The
validated method is then used to verify that requirements are met under worst-case

flight conditions.

6.3.5.2 Jest Description. The test fixtures shall replicate the interfacing
structural sections to simulate the separation subsystem boundary conditions

existing in the flight article. The remaining boundary conditions for the separating
bodies shall simulate the conditions in flight at separation, unless the use of other
boundary conditions will permit an unambiguous demonstration that subsystem
requirements can be met. The test article shall include all attached flight hardware
that could pose a debris threat if detached. When ambient atmospheric pressure
may adversely affect the test results, such as for large fairings, the test shall be
conducted in a vacuum chamber duplicating the aititude condition encountered in
flight at the time of separation. Critical conditions of temperature, pressure, or
loading due to acceleration shall be simulated or teken intc account. As a
minimum, instrumentation shall include high-speed cameras to record the motion of
specially marked target locations, accelerometers to measure the structural
response, and strain gages to verify load levels in structurally critical astachments.
(See 10.3 regarding formation of a Test Evaluation Team.)

6.3.5.3 Jeat Activations. A sepsration test shall be conducted to
demonstrate that requirements on separation performance parameters are met

under nominal conditions. When critical off-nominal canditions cannot be modeled
with confidence, at least one additional separation test shall be conducted to
determina the effect on the separaticn process. When force or torque margin
requirements are appropriate, @ separate test shall be conducted to demonstrate

- that the margin is at least 100 percent; for separation subsystems involving
fracture of structural elements, however, the margin demonstrated shall be at least
50 percent. In addition, debris risk shall ba evaluated by conducting a test
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encompassing the most severe conditions that can occur in flight, or by including
loads scaled from those measured in tests under nominal conditions.

6.3.5.4 Supplementary Bequirements. A post-test inspection for debris shall

be conducted on the test article and in the test chamber.

6.4 UNIT QUALIFICATION TESTS

The unit qualification test baseline shall include all the required tests specified
in Table X. The "other" tests {3.5.4) deemed applicable, and additional special
tests that are conducted as acceptance tests on the unit, shall also be conducted
as part of qualification testing. Unit qualification tests shall normally be
accoinplished entirely at the unit level. However, in certain circumsiances, the
required unit qualification tests may be conducted partially or entircly at the
subsystem or vehicle levels of assembly. Tests of units such as interconnsct
tubing, radio-frequency circuits, and wiring harnesses are exampies where at least
some of the tests can usually be accomplished at higher levels of assembly. If
moving mechanical assemblies or other units have static or dynamic fluid interfaces
or are pressurized during operation, those conditions should be replicated during
unit qualification testing. Unit performance shall meet the applicable mission
raquirements over the entire qualification environmental test range, to the
maximum extent practicable. At the end of all required qualification tests, the
qualification unit should be disassembled and inspected (4.5).

Where units fall into two or more categories of Table X, the required tests
specified for each category shall be applied. For example, a star sensor may be
considered to fit both “Electrical and Electronic” and "Optical” categories. A
thruster with integrated valves would be considered to fit both "Thruster™ and

"Valve” categories.

6.4.1 Functional Test, Unit Qualification

6.4.1.1 Purposs. The functional test verifies that the electrical, optical, and
mechanical performance of the unit meets the specified operationa: requirements of

the unit.

6.4.1.2 Tast Dascription. Electrical tests shell include application of expected
voltages, impedance, frequencies, pulses, and waveforms at the electrical
interfaces of the unit, including all redundant circuits. These parameters shall be
varied throughout their specification ranges and the sequences expected in flight
operation. The unit output shall be measured to verify that the unit performs to
specification requirements. Functional performance shall also include electrical
continuity, stability, response time, alignment, pressure, leakage, or other special
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tests that relate to a particular unit configuration. Moving mechanical assemblies
shall be tested in the configuration corresponding to the environment being
simulated and shall be passive or operating corresponding to their state during the
corresponding environmenta! exposure. Torque versus angle and time versus
angle, or equivalent linear measurements for linear devices, shall be made.
Functional tests should inciude stiffness, damping, friction and breakaway
characteristics, where appropriate. Moving mechanical assemblies that contain
redundancy in their design shall demonstrate required performance in each
redundant mode of operation during the test.

6.4.1.3 Wﬁmﬂmﬂ Functional or monitoring tests shall be

conducted before, during, and after each of the unit tests to detect equipment
anomalies and to assure that performance meets specification requirements.

6.4.2 Thermal Cycle Test, Electrical and Electronic Unit Qualification

6.4.2.1 Purpose. The thermal cycle test demonstrates the ability of electrical
and electronic units to operate over the qualification temperature range and to
endure the thermal cycle testing imposed during acceptance testing.

6.4.2.2 Test Description. With the unit operating {(power on) and while

percaptive parameters are being monitored, the test shall follow the temperature
profile in Figure 1. The test control temperature shall be measured at a
representative location on the unit, such as at the mounting point on the
baseplate. Each time the control temperature has stabilized (3.5.7) at the hot
temperature, the unit shal! be turned off and then hot started. Then, with the unit
operating, the control temperature shall be reduced to the cold temperature and the
unit turned off. To aid in reaching the cold temperature, the unit may be powered
off when the temperature of the unit is at least 10°C colder than its minimum
expected temperature (3.3.1). After the unit has stabilized at the cold
temperature, the unit shall be cold started. T.-mperature change from ambient to
hot, to cold, and return to ambient constitutes one thermal cycle.

\

6.4.2.3 Jes: Levels and Duration 1
8. Pressure and Humidity. Ambient pressure is normally usld; however,

the thermal cycle test may be conducted at reduced pressure,
including vacuum conditions. When unsealed units are be‘ing tested,
provisions shall be taken to preclude condensation on and 'within the
unit at low temperature. For example, the chamber may be flooded
with dry air or nitrogen. Also, the last half cycle shall be h;zt

(Figure 1).
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b. JYemperatyre. The unit temperature shall reach the qualification hot
temperature, 10°C above the acceptance hot temperature (7.1.1),
during the hot half cycle; the qualification cold temperature, 10°C
below the acceptance cold temperaturg, during the cold half cycle
(Table V). For units exposed to cryogenic temperatures in service,
qualification margins shall be prescribed on an individual basis. The
transitions between hot and cold should be at an average rate of 3 to
§°C per minute, and shall not be slower than 1°C per minute.

c. Duration. Table VI shows the number of qualification thermal cycles
required for various situations. The last 4 thermal cycles shall be
failure free. Thermal soak durations (3.5.10) shall be a minimum of 6
hours at the hot and 6 hours at the cold temperaturs during the first
and last cycle (Figure 1). Intermediate cycles shall have at least 1-hour
soaks at the hot and cold temperatures. During thermal soaks, the
unit shall be turned o¥f until the temperature stabilizes (3.5.7) and
then turned on, remaining on until the next soak period off-on
sequence. Measurement of thermal soak durations shall begin at the
time ot unit turn-on (Figure 1).

6.4.2.4 Supplementarv Requirements. The requirements of the thermal cycle

test may be satisfied by extending the thermal vacuum test of 6.4.3, to achieve
the number of cycles required to meet the requirements of Table VI. Selection of
such an alternative requires that the applicable acceptance test be carried out in
the same fashion. Functional tests shall be conducted after the unit temperatures
have stabilized at the hot and cold temperatures during the first and last thermal
cycle, and after return to ambient. During the remainder of the test, electrical and
electronic units, including all redundant circuits and paths, shall be cycled through
various operational modes. Perccptive parameters shall be monitored for failures
and intermittents to the ma. imum extent practicable. Units shall meet their
performance requirements within specification over the maximum expected
temperature range (3.3.1) extended at both temperature extremes by 10°C. For
digital units, such as computers, the final thermal cycle should employ a
sufficiently slow temperature transition to permit a complete functional check to be
repeated at essentially all temperatures.

Moisture condensation inside of electrical or electronic units shall be
prevented. Condensation is also minimized by requiring the first and last half cycle

to be hot (Figure 1).

6.4.3 Thermsal Vacuyum Test, Unit Qualification -

6.4.3.1 Purpose. The thermal vacuum test demonstrates the ability of the
unit to perform in the qualification thermal vacuum environment and to endure the
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thermal vacuum testing imposed on flight units during acceptance testing. It also
serves to verify the unit thermal design.

6.4.3.2 Jeat Description. The unit shaill be mounted in a vacuum chamber on
a thermally controlled heat sink or in @ manner similar to its actual installation in
the vehicle. The unit surface finishes, which affect radiative heat transfer or
contact conductance, shail be thermally equivalent to those on the flight units. For
units designed to reject their waste heat through the baseplate, a control
temperature sensor shall be attached either to the unit baseplate or the heat sink.
The location shzall be chosen to correspond as closely as possible to the
temperature limits used in the vehicle thermal design analysis or applicable
unit-to-vehicle interface criteria. For compeonents cacled primarily by radiation, a
representative location on the unit case shall similarly be chosen. The unit heat
transfer to the thermally controlled heat sink and tha radiation heat transfer to the
environment shall be controlied to the same proportions as calculated for the flight
environment. During testing of radio-frequency (rf} equipment with a possibility of
multipaction, a8 space nuclear radiation environment shall be simulated by a

gamma-ray or x-ray source at 4 rads per hour.

The chamber pressure shall be reduced to the required vacuum conditions.
Units that are required to operate during ascent shall be operating and monitored
for arcing and corona during the reduction of pressure to the specified lowest
levels and during the early phase of vacuum operation. At vacuum pressures
below 133 millipascals (10°3 Torr), units shall be monitored as appropriate to aiso
assure that multipacting does not occur. Units that do not operate during launch
shall have electrical power applied after the test pressure level has been reached.

A thermal cycle begins with the conductive or radiant sources and sinks at
ambient temperature. With the unit aperating and while perceptive parameters are
being monitored, the unit temperature is raised to the specified hot temperature -
and maintained. All electrical and electronic units that operate in orbit shall be
turned off, then hot started after a duration sufficient te ensure the unit internal
temperature has stabilized (3.5.7), and then functionally tested. With the unit
operating, ths component temperature chall be reduced to the specified cold
temperature. To 8id in reaching the cold temperature, the unit may be powered off
when the temperature of the unit is at least 10°C colder than its minimum
expacted temperature (3.3.1). After the unit temperature has reached the
specified cold temperaturs, the unit shall be turned off (if not previously turned off
during the trangition) until the internal temperature stabilizes (3.5.7) and then cold
started and functionally tested, continuing to maintain the unit at the specified
temperature until the end of the soak. The temperature of the sinks shall then be
raised to ambiant conditions. This constitutes one complate thermal cycle.
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6.4.3.3 Jest Levels and Duration

a. Pressura. For units required to operate during ascent, the tima for
reduction of chamber pressure from ambient to 20 pascals (0.15 Torr)
shall be at least 10 minutes to allow sufficient time in the region of
critical pressure. The pressure shall be further reduced from 20
pascals for operating equipment, or from atmospheric for equlpment
which dces not operate during ascent, to 13.3 millipascals ( 10 Torr)
at a rate that simulates the ascent profile to the extent practicable.
For launch vehicle units, the vacuum pressure shall be modified to
reflect an altitude consistent with the maximum service altitude.

b. Jemperatura. The unit hot and cold temperatures shall be the same
as those specified in 6.4.2.3b. An exception is made for a propulsion
unit in contact with propellant for which the cold temperature shall ba
limited to 3°C above the propellant freezing temperature. The
transitions between hot and cold should be at an average rate greater

than 1°C per minu.e.

c. Duration. The number of thermal cycles shall be as given in Table VI.
Thermal soak durations {3.5.10) shall be a minimum of 6 hours at the
hot and 6 hours at the cold temperature during the first and last cycle.
Intermediate cycles shall have at least 1-hour soaks at the hot and
cold temperaturas with power turned on. Measurement of thermal
soak durations shall begin at the time of unit turn-on (Figure 1).

6.4.3.4 Supplementary Beaulraments. The 25-cycle test is applicable to units

containing electrical or electronic elements where environmental stress screening is
imposed for acceptance testing. For nonelectrical and nonelectronic units, the 6—

cycle test applies (Table Vi).

Functional tests shell be coanducted after unit temperatures have stabilized at
the hot and cold temperatures during the first and last cycie, and after return of
the unit to ambient temperature in vacuum. During the remainder of the test,
electrical and electronic units, including all redundant circuits and paths, shall be
cycled througn various operational modes. Perceptive parameters shall be
monitored for fallures and intermittents to the maximum extent practicable. Units

~ shall meet their performance requireaments within spacifications over the maximum
expected temperature range extended by 10°C at the hot and cold limits.

For moving mechanical assemblies, performance parameters (such as current
draw, resistance torque or force, actuation time, velocity or acceleration) shall be
monitored. Where practicable, force or torque margins shali be determined on
moving machanical assemblies at the temperature extremes. Where this is not
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practicable, minimum acceptable force or torque margin shall be demonstrated.
Compatibility with operational fluids shall be verified at test temperature extremes
for valves, propulsion units, and other units as appropriate.

€.4.4 Vibration Test, Unit Qualification

6.4.4.1 Purpose. The vibration test demonstrates the ability of the unit to
endure a maximum duration of correcponding acceptance testing and then meet
requirements during and after exposure to the extreme expected dynamic

environment in flight (3.3.5).

6.4.4.2 Test Dascription. The unit shall be mounted to a fixture through the
normal mounting points of the unit. The same test fixture should be used in the
qualification and acceptance vibration tests. Attached wiring harnesses and
hydraulic and pneumatic lines up to the first attachment point, instrumentation,
and other connecting items should be inciuded as in the flight configuration. Such
a configuration shall be required when units that employ shock or vibration
isolators are tested on their isolators. The suitability of the fixture and test control
means shall have been established prior to the qualification testing (6.4.4.5). The
unit shall be tested in ear.h of 3 orthogonal axes. Units required to operate under
pressure during ascent shall be pressurized to simulate flight conditions, from
structural and leakage standpoints, and monitored for pressure decay. Units
designed for operation during ascent, and whose maximum or minimum expected
temperatures fall outside the normal temperature range (7.1.1), are candidates for
combined vibration and temperature testing. When such testing is employed, units
shall be conditioned to be as close to the worst-case flight temperature as is
practicable and monitored for temperature during vibration exposure.

Units mounted on shock or vibration isolators shall typically require vibration
testing at qualification levels in two configurations. A first configuration is with
the unit hard-mounted to qualify for the acceptance-level testing if, as is typical,
the acceptance testing is performed without the isolators present. The second
configuration is with the unit mounted on the isolators to qualify for the flight
environment. The unit shall be mounted on isolators of the same lot as those used
in service, if practicable. Units mounted on isolators shall be controlled at the
locations where the isolators are attached to the structure. Hard-mounted units

shall be controlied at the unit mounting attachments.

6.4.4.3 Tast lLavel and Duration. The test shall be conducted per 6.1.4. For

hard-mounted units, a typical version of the test involves accelerated
acceptance-leve! testing per 6.1.4.2 and applies the qualification level spectrum for
3 minutes per axis. This is bassd on a qualification margin of 6 dB, a maximum of
6 minutes of accumulated acceptance testing on a flight unit, and a fatigue
equivalent duration in flight (3.3.3) of not greater than 15 seconds. Operating time
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should be divided approximately equally between redundant functions. When
insufficient test time is available at the full test level to test redundant circuits,
functions, and modes, extended testing using a spectrum no lower than 6 dB
below the qualification spectrum shall be conducted as necessary to complete

functional testing. '

6.4.4.4 Supplementary Requirernents. During the test, all electrical and

electronic units shall be electrically energized and functionally sequenced through
various operational modes to the maximum extent practicable. This includes all
redundant circuits, and all circuits that do not operate during launch. Several
perceptive parameters shall be monitored for failures or interraittents during the
test. Continuous monitoring of the unit, including the main bus by a power
transient monitoring device, shall be provided to detect intermittent failures. When
necessary to prevent unrealistic input forces or unit responses for units whose
mass exceeds 23 kilograms (50 pounds), the spectrum may be limited or notched,
-but not below the minimum test spectrum for a unit (7.1.3). The vibration test
does not apply to a unit having a large surface causing its vibration response to be
due predominantly to direct acoustic excitation {6.4.5). .

6.4.4.5 Fixture Evaluation. The vibration fixture shall be verified by test to
uniformly impart motion to the unit under test and to limit the energy transfer from

the test axis to the other two orthogonal axes (crosstalk). The crosstalk levels
should be lower than the input for the respective axis. In 1/6-octave bands above
1000 Hz, exceedances of up to 3 dB are allowed provided that the sum cf their
bandwidths does not exceed 300 Hz in 8 cross axis. The dynamic test
configuration (fixture and unit) shall be evaluated for crosstalk before testing to

qualification levels.

6.4.4.6 Special Considerations for Structural Upits. Vibration acceptance

tests of structural units are normally not conducted be.:ause the process controls,
inspections, and proof testing that are implemented are sufficient to assure
performance and quality. However, to demonstrate structural integrity of
structural units having critical fatigue-type modes of failure, with a low fatigus
margin, a vibration qualification test shall be conducted. The test duration shall be
4 times the fatigue equivalent duration in flight at the extreme expected level
(3.3.5]. When a structural unit is not subjected to a static strength qualification
test, a brief random vibration qualification test shall be conducted with an
exposure to 3 dB above the extreme expected level. The duration shall be that
necessary to achiove a steady-state response, but not less than 10 seconds, to
demonstrate that ultimate strength requirements are satisfied.
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6.4.5 Acoustic Test, Unit Qualification

6.4.5.1 Purposa. The acoustic test demonstrates the ability of a unit having
large surfaces, whose vibration response is due predominantly to direct acoustic
excitations, to endure a maximum duration of acoustic acceptance testing and then
meet requirements during and after exposure to the extreme expected dynamic
environment in flight (3.3.4]. For such units, the acoustic test shall be conducted

and the vibration test (6.4.4) is discretionary.

6.4.5.2 Yest Description. The unit in its ascent éonfiguration shall be
installed in an acoustic test facility capable of generatir 5 sound fields or fluctuating

surface pressures that induce unit vibration environments sufficient for unit
qualification. The unit should be mounted on a flight-type support structure or
reasonable simulation thereof. Significant fluid and pressure conditions shall be
replicated to the extent practicable. Appropriate dynamic instrumeantation shall be
installed to measure vibration responses. Control microphones shall be placed at a
minimum of 4 well-separated locations at one half the distance from the test article
to the nearest chamber wall, but no closer than 0.5 meter (20 inches) to both the

test article surface and the chamber wall.

6.4.5.3 Test Level and Duration. Same as 6.2.4.3 except the qdalification

test duration shalli be 3 minutes based on 8 maximum of 6 minutes of accumulaten
acceptance testing on a flight unit.

6.4.5.4 Supplementary Raguiremsents. Same as 6.2.4.4,
6.4.6 Shock Test, Unit Qualification

6.4.6.1 Purpose. The shock test demonstrates the capability of the unit to
meet requirements during and after exposure to the exireme expected shock

environment in flight (3.3.7).

6.4.6.2 Tast Description. The unit shall be mounted to a fixture through the
norimal mounting peoints of the unit. The same test fixture should be used in the
qualification and acceptance shock tests. If shock isolators are to be used in
service, they shall be installed. The selected test method shall be capable of -
maeting the required shock spectrum with a transient that has a duration
comparable to the duration of the expected shock in flight. A mounting of the unit
on actual or dynamically similar structure provires a more realistic test than does a
mounting on a rigid structure such as a shaker armature or slip table. Sufficient
prior development of the test mechanisnﬁ shall have been carried out to validate the
proposed test method before testing qualification hardware. The tast environment

shall comply with the following conditions:
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A transient having the prescribed shock spectrum can be generated
within specified tolerances.

b. The applied shock transient provides a-simultaneous application of t
frequency components as opposed to a serial application. Toward tt
end, it shall be a goa! for the duration of the shock transient to
approximate the duration of the service shock event. In general, th¢
duration of the shock employed for the shock spectrum analysis sha
not exceed 20 milliseconds.

6.4.6.3 Test level snd Exposure. The shock spectrum in each direction alo

each of the 3 orthogonal axes shall be at least the qualification level for that
direction. For vibration or shock isolated units, the lower frequency limit of the
response spectrum shall be below 0.7 times the natural frequency of the isolated
unit. A sufficient number of shocks shall be imposed to meet the amplitude crite
in both directions of each of the 3 orthogonal axes at least 3 times the number o
significant events at that unit location. A significant event for the unit being
qualified is one that produces a maximum expected shock spectrum within 6 dB
the envelope of maximum expected spectra (3.3.7) from all events.

6.4.6.4 Supplementary Beguirements. Electrical and electronic units,

including redundant circuits, shall be energized and monitored to the maximum

extent practicable, including those that are not normally operating during the
service shock. A functional test shall be performed before and after all shock
tests, and several perceptive parameters monitored during the shocks to evaluate
performance and to detect any failures. Relays shall not transfer and shall not
chatter in excess of specification limits during the shock test.

A shock qualification test is not requirad along any axis for which both the
following are satisfied:

a. The qualification random vibration test spectrum when converted to
an equivalent shock response spectrum (3-sigma response for
Q = 10) exceeds the qualification shock spectrum regquirement at al
frequencies below 2000 Ha.

b. The maximum expected shock spectrum ghove 2000 Hz does not
exceed g values equal to 0.8 times the frequency in Hz at all
frequencies above 2000 Hz, corresponding to a velocity of 1.27
meters/second {50 inches/second).

63




MIL-STD-1540C

6.4.7 Leaknge Test. Unit Quelification | - .
{

6.4.7.1 Purpose. The leakage test demonstrates the capability of pressurized
components and hermetically sealed units to meet the specified design leakage rate

requirements.

6.4.7.2 Test Dascription. An acceptable leak rate to meet mission
requirements is based upon development tests and appropriate analyses. An

acceptable measurement technique is one that accounts for leak rate variations
with differential pressure and hot and cold temperatures and has the required
threshold, resolution, and accuracy to detect any leakage equal to or greater than
the maximum acceptable leak rate. Consideration should be given to testing units
at differential pressures greater or less than the maximum or minimum operating
differential pressure to provide some assurance of a qualification margin for
leakage. |t appropriate, the leak rate test shall be made at qualification hot and
cold temperatures with the representative fluid to account for geometry alteratsons

and viscosity changes.

6.4.7.3 Test Lavel and Duration. Unless otherwise specified, the leakage

tests shall be performed with the unit pressurized at the maximum differential
operating pressure, as well as at the minimum differential operating pressure if the

seals are dependant upon pressure for proper sealing. The test duration shall be

sufficient to detect any significant leakage. q

6.4.8 Pressuro Test, Unit Qualification

6.4.8.1 Purposa. The pressure test demonstrates adequate margin, so that
structural failure does not occur before the design burst pressure is reached, or
excessive daformation does not occur at the maximum expected operating

pressure (MEOP).
6.4.8.2 Test Description

8. Em_q_l_ﬁ_amm_‘[nﬂ For items such as pressurized structures and
pressure components, a proof test with a minimum of 1 cycle of proof

pressure shall be conducted. Evidence of either leakage, a permanent
set or distortion that exceeds a drawing tolerance, or failure of any
kind shall constitute failure to pass the tast.

b. Presgsure Cvcle Test. For pressurized structures and pressure vessels,
8 pressure cycle tast shall be conducted. Requirements for application

of external loads in combination with internal pressures during testing
shall be evaluated based on the relative magnitude and cn the
destabilizing effect of stresses due to the external load. If limit
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combined tensile stresses are enveloped by the test pressure stress,
the application of external load is not required.

Burst Test. The pressure shall be increased to the design burst
pressure, while simultaneously applying the ultimate external load(s),
if appropriate. The internal pressure shall be applied at a sufficiently
slow rate that dynamic stresses are negligible. For pressure vessels,
after demonstrating no burst at the design burst pressure, the
pressure shall be increased to actual burst of the vessel, and the
actual burst pressure shall be recorded.

6.4.8.3 TJest Leve!s and Durations.

c.

r n midity. The test temperature and humidity
conditions shall be consistent with the critical-use temperature and
humidity. As an alternative, tests may be conducted at ambient
conditions if the test pressures are suitably adjusted to account for
temperature and humidity effects on material strength and fracture
toughness.

Proof Pressura. Unless otherwise specified, the minimum proof
pressure for pressurized structures shall be 1.1 times the MEOP. For
pressure vessels, and other pressure components such as lines and
fittings, the minimum proof prassure shall comply with the
requirements specified in MIL-STD-1522. The pressure shall bs
maintained for a time just sufficient to assure that the proper pressur.
was achieved. Except that for pressure vessels, the hold time shall b
a minimum of 5 minutes unless otherwise specified.

Pressure Cvclg. Unless otherwise specified, the peak pressure for
pressurized structures shall equal the MEOP during each cycle, and
the number of cycles shall be 4 times the predicted number of
operating cycles or 50 cycles, whichever is greater. For pressure
vessels, the test shall comply with the requirements specified in

MIL-STD-1522.

Burst Pressura. Unless otherwise specified, the minimum design bur:
pressure for pressurized structures shall be 1.25 times the MEOP. F¢
pressure vessels and pressure components, the minimum design burs
pressure shall comply with MIL-STD-1522. The design burst pressur
shall be maintained for a period of time just sufficient to assure that
the proper pressure was achieved.
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6.4.8.4 Supplementary Requirements. Applicable safety standards shall be

followed in conducting all tests. Unless otherwise specified, the qualification
testing of pressure vessels shall include a demonstration of a leak-before-burst
(LBB) failure mode using pre-flawed specimens as specified in MIL-STD-1522. The
LBB pressure test may be omitted if available material data are directly applicable
to be used for an analytical demonstration of the leak-before-burst failure mode.

6.4.9 Accelerction Test, Unit Quslification

6.4.8.1 Purpose. The acceleration test demonstrates the capability of the
unit to withstand or, if appropriate, to operate in the qualification level acceleration

environment.

6.4.9.2 Test Dascription. The unit shall be attached, as it is during flight, to a
test fixture and subjected to acceleration in appropriate directions. The specified
accelerations apply to the center of gravity of the test item. If a centrifuge is
used, the arm (measured to the geometric center of the test item) should be at
least 5 times the dimension of the test item measured along the arm. The
acceleration gradient across the test item should not result in accelerations that fall
below the qualification level on any critical member of the test item. In addition,
any over-test condition should be minimized to prevent unnecessary risk to the test
article. Inartial units such as gyros and platforms may require counter-rotating’
fixtures on the centrifuge arm.

6.4.9.3 Test Levels and Duration

a. Acceleration Level. The test acceleration level shall be at least 1.25
times the maximum predicted acceleration (3.4.8) for each direction
of test. The factor shall be 1.4 for manned flight.

b. Puration. Unless otherwise specnfaed the test duration shall be at

least 5 minutes for each direction of test.

6.4.9.4 Supplementary Requiramonta. If the unit is to be mounted on shock

or vibration isolators in the vehicle, the unit should be mounted on these isolators
during the qualification test.

6.4.10 Life Test, Unit Qualification

6.4.10.1 Purposa. The life test applies to units that may have a wearout,
drift, or fatigue-type failure mode, or a performance degradation, such as batteries.
The test demonstrates that the units have the capability to perform within
specification limit3 for the maximurn duration or cycles of operatnon during
repeated ground testing and in flight.
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6.4.10.2 Test Description. One or more units shall be operated under
conditions that simulate their service conditions. These conditions shall be

selected for consistency with end-use requirements and the significant life
characteristics of the particular unit. Typical environments are ambient, thermal,
and thermal vacuum to evaluate wearout and drift failure modes; and pressure,
therrial, and vibration to evaluate fatigue-type failure modes. The test shall be
designed to demonstrate the ability of the unit to withstand the maximum
operating time and the maximum number of pperational cycles predicted during its

service life (3.5.6) with a suitable margin.

6.4.10.3 Test Levels and Durations.

8. Pressure. For pressurized structures and pressure vessels, the
pressure level shall be that specified in 6.4.8.3c. For other units,
ambient pressure shall be used except where degradation due to a
vacuum environment may be anticipated, such as for some unsealed
units. In those cases, a pressure of 13.3 millipascals (10 Torr) or

less shall be used.

b. Environmental Levels. The extreme expected environmental levels

shall be used. Higher levels may be used to accelerate the life testing,
provided that the resulting increase in the rate of degradation is well
established and that unrealistic failure modes are not introduced.

c. Duration. For pressurized structures and pressure vessels, the
duration shall be that specified in 6.4.8.3c. For other units, the total
operating time or number of operational cycles shall be at least 2
times that predicted during the service life (3.5.6), including ground
testing, in order to demonstrate an adequate margin. For a structural
component having a fatigue-type failure mode that has not been
subjected to a vibration qualification test, the test duration shall be at
least 4 times the specified service life.

d. Eunctional Duty Cycis. Complete functional tests shall be conducted

before the test begins and after completion of the test. During the life
test, functional tests shall be conducted in sufficient detail, and at
sufficiently short intervals, so as to establish trends.

6.4.10.4 Supplementary Raquirements. For statistically-based life tests, the

duration is dependent upon the number of samples, confidence, and reliability to be
demonstrated. The mechanisms in each unit that are subjected to wearout should
be separately tested. For these mechanisms, the duration of the life test should
assure with high confidence that the mechanisms will not wear out during their
sarvice life. At the end of the life test, mechanisms and moving mechanical
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assemblies shall be disassembled and inspected for anomalous conditions. The
hardware may be disassembled and inspected earlier if warranted. The critical ‘/'
areas of parts that may be subject to fatigu : failure shall be inspected to determine

their integrity. .

6.4.11 Electromagnetic Compatibility (EMC) Test, Unit Qualification

6.4.11.1 Purpose. The electromagnetic compatibility test shall demonstrate
that the electromagnetic interference characteristics (emission and susceptibility) of
the unit, under normal operating conditions, do not result in malfunction of the
unit. It also demonstrates that the unit does not emit, radiate, or conduct
interference which could result in malfunction of other units.

6.4.11.2 Jest Description. The test shall be conducted in accordance with
the requirements of MIL-STD-1541. An evaluation shall be made of each unit to
determine which: tests shall be performed as the baseline requirements.

6.4.12 Climatic Tests, Unit Qualification

6.4.12.1 Purpose. These tests demonstrate that the unit is capable of
surviving exposure to various climatic conditions without excessive degradation, or
operating during exposure, as applicable. Exposure conditions include those
imposed upon the unit during fabrication, test, shipment, storage, preparation for
launch, launch itself, and reentry if applicable. These can include such conditions @
as humidity, sand and dust, rain, salt fog, and explosive atmosphere. Degradation
due to fungus, ozone, and sunshine shall be verified by design and material

selection.

It is the intent that environmental design of flight hardware not be
unnecessarily driven by terrestrial natural environments. To the greatest extent
feasible, the flight hardware shal! be protected from the potentially degrading
effects of extreme terrestrial natural environments by procedural controls and
special support equipment. Only those environments that cannot be controlled

need be considered in the design and testing.

6.4.12.2 Humidity Test, Unit Qualification

6.4.12.2.1 Purposs. The humidity test demonstrates that the unit is capable
of surviving or operaiing in, if applicable, warm humid environments. in the cases
where exposure is controlled throughout the life cycle to conditions with less than
55-percent relative humidity, and the temperature changaes do not create conditions
where condensation occurs on the hardware, then verification by test is not

required.
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6.4.12.2.2 Test Description and Levels. For units exposed to unprotected

ambient conditions, the humidity test shall conform to the method given in MiL-
STD-810. For units located in protected, but uncontrollec environments, the unit
shall be installed in a humidity chamber and subjected to the following conditions

(time line illustrated in Figure 2):

a. Pretest Conditions. Chamber temperature shall be at room ambient
’ conditions with uncontrolied humidity.

b. Cycle 1. The temperature shall be increased 10 +35°C over a 1-hour
period; then the humidity shall be increased to not less than 95
percent over 8 1-hour period with the temperature maintained at
+35°C. These conditions shall be maintained for 2 hours. The
temperature shall then be reduced to +2°C over a 2-hour period with
the relative humidity stabilized at not less than 95 percent. These

-~ conditions shall be maintained for 2 hours.
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FIGURE 2. Humidity Test Tims Line.
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¢. Cycle 2. Cycle 1 shall be repeatéd except that the temperature shall
be increased from +2°C to +35°C over a 2-hour period; moisture is
not added to the chamber until +35°C is reached.

d. Cvcle 3. The chamber temperature shall be increased to +35°C over
a 2-hour period without adding any moisture to the chamber. The
test unit shall then be dried with air at room temperature and 50-
percent maximum relative humidity by blowing air through the
chamber for 6 hours. The volume of air used per minute shall be
equal to 1 to 3 times the test chamber volume. A suitable container
may be used in piace of the test chamber for drying the test unit.

e. Cycle 4. If it had been removed, the unit shall be placed back in the
' test chamber and the temperature increased to +35°C and the
relative humidity increased to 80 percent over 8 1-hour period; and
these conditions shall be maintained for at least 1 hour. The
temperature shall then be reduced to +2°C over a 1-hour period with
the relative humidity stabilized at 80 percent; and these conditions
shall be maintained for at least 1 hour. A drying cycle should follow

{see Cycle 3).

6.4.12.2.3 Supplementary Requirements. The unit shall be functionally |

tested prior to the test and at the end of Cycle 3 (within 2 hours after the drying)
and visually inspected fcr deterioration or damage. The unit shall be functionally
tested during the Cycle 4 periods of stability, after the 1-hour period to reach
+25°C and 90-percent relative humidity, and again after the 1-hour period to
reach the +2°C and 90-percent relative humidity.

6.4.12.3 Sand and Dust Test _Unit Qualification

6.4.12.3.1 Purpose. The sand and dust test is conducted to determine the
resistance of units to blowing fine sand and dust particies. This test shall not be
required for units protectad from sand and dust by contaminatior control,
protective shipping and storage containers, or covers. However, in those cases,
rain testing demonstrating the adequacy ot the protective shelters, shipping and
storage containers, or covers, as applicable, may be required instead of a test of

the unit itself.

6.4.12.3.2 Jast Decscription. The test requirements for the sand and dust
test shall conform to the method given in MIL-STD-810.
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6.4.12.4 Bain Test, Unit Qualificatinn

6.4.12.4.1 Purpose. The rain test shall be conducted to determine the
resistance of units to rain. Units protected from rain by protective shelters,
shipping and storage containers, or covers, shall not require verification by test.

6.4.12.4.2 Jest Description. Buildup of the unit, shelter, container, or the
cover being tested shall be representative of the actual fielded configuration

without any duct tape or temporary sealants. The initial temperature difference
between the test item and the spray water shall be a minimum of 10°C. For
temperature-controlled containers, the temperature difference between the test
item and the spray water shall at least be that hetween the maximum control
temperature and the coldest rain condition in the field. Nozzles used shall produce
a square spray pattern or other overiapping pattern (for maximum surface
coverage) and droplet size predominantly in the 2 to 4.5 millimeter range at
approximately 375 kilopascals gage pressure {40 psig). At least one nozzle shall
be used for each approximately 0.5 square meter (6 ft?) of surface area and each
nozzle shall be positioned at 0.5 meter (20 inches) from the test surface. All
exposed faces shall be sprayed for at least 40 minutes. The interior shall be
inspected for water penetration at the end of each 40-minute exposure. Evndence
of water penetration shall constitute a failure.

6.4.12.5 $alt Fog Test, Unit Qualification

6.4.12.5.1 Purpose. The salt fog test is used to demonstrate the resistance
of the unit to the effects of a salt spray atmosphere. The salt fog test is not
required if the flight hardware is protected against the salt fog environment by
suitable preservation means and protective shipping and storage containers.

6.4.12.5.2 TYest Descrintion. The requirements for the salt fog test shall
conform to the method given in MIL-STD-810.

6.4.12.6 Explosive Atmosphare Test, Unit Qualification

6.4.12.6.7 Purposa. The explosive atmosphere test is conducted to
demonstrate unit operability in an ignitable fuel-air mixture wnthout igniting the

mixture.

6.4.12.6.2 Test Description. The test requirements for the explosive
atmosphere test shall conform to the method given in MIL-STD-810.
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SECTION 7
ACCEPTANCE TESTS

7.1 GENERAL ACCEPTANCE TEST REQUIREMENTS

Acceptance tests shall be conducted as required to demonstrate the
acceptability of each deliverable item. The tests shall demonstrate conformance to
specification requiremeants and provide quality-control assurance against
workmanship or material deficiencies. Acceptance testing is intended to stress
screen items to precipitate incipient failures due to latent defects in parts,
materials, and workmanship. However, the testing shall not create conditions that
exceed appropriate design safety margins or cause unrealistic modes of failure. If
the equipment is to be used by more than one program or in different vehicle
locations, the acceptance test conditions should envelope those of the various
programs or vehicle locations involved. Typical acceptance test Ievcls and
durations are summarized in Table Xl, and are detailed in subsequent paragraphs

The test baseline shall be tailored for each program, giving consideration to
both the required and other tests (3.5.4). For special items, such as some tape
recorders and certain batteries, the specified acceptance test environments would
result in physical deterioration of materials or other damage. In those cases, lass
severe acceptance test environments that still satisfy the system operataonal

requirements shail be used.

7.1.1 o : . a q : 7 ‘ n
Two requirements on the umt acceptance tamperature range (anure 3) are:

a. The range shall encompass the maximum and minimum expected

temperatures (3.3.1). i

b. The range should be as large as practicable to meet environmental
stress screening purposes. A range of 105°C is recommended, and is

the basis used in Tables V and VI.

For units, the rangs from -44 to +61°C is recommended if requirement "a" is
satisfied. Tha number of cycies shall be in compliance with Table VI. If this
105°C temperature range, p'us the 10°C hot and cold extension for qualification,
gives rise to unrealistic fallure modes or unrealistic design requirements, the range
may be shifted or reduced to the extent necessary. To compensate for a reduced
range, the number of thermal cycles for acceptance tests shall then be increased
per note 3 of Table VI. For units exposed to cryogenic temperatures, acceptance
temperature limits shall encompass the highest and lowest temperatures with
appropriate uncertainty margins (Table {l). For units which do not contain electrical
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or electronic elements, the minimum acceptance test sha!l be 1 thermal vacuum
cycle in accordance with 7.4.3.

For vehicle therinal vacuum tests, at least one urit shall reach its acceptance
hot temperature during hot soaks. During cold soaks at least one unit shall reach
its acceptance cold temperature. |f the ambient pressure thermal cycle alternative
test is selected, the minimum temperature range shall be 50°C. The number of
thermai vacuum and thermal cycles are specified in Table VI.

TABLE X!I. Typica! Acceptance Test Levels and Durations.

Test

Units

Vehicles

Shock

Maximum expected spectrum
(3.3.7), achieved once in both
directions of 3 axes. '
Discretionary if spectrum is iow
{7.4.6.4).

1 activation of significant
shock-producing events
(7.2.3.3).

Acoustic

Same as for vehicles.

Envelope of maximum
expected spectrum (3.3.4)
and minimum sgectrum
(Figure 4), 1 minute.

Vibration

Envelope of maximum expected
spuctrum (3.3.5) and minimum
spectrum (Figure 5), 1 minute in
each of 3 axes.

Same as for units, except
minimum spectrum in
Figure 6.

Thermal Vacuum®*

1 cycle, -44 to +61°C (7.1.1).
Vacuum at 13.3 millipascals (10
Torr). .

4 cycles, -44 to +61°C
(7.2.8). Same pressure as
for units.

Thermal Cycle* 12.5 cycles, -44 to +61°C. See 7.2.7.
Combined 8.€ thermal cycles and 4 thermal | See 7.2.7.
Thermal Vacuum | vacuum cycles, -44 to +61°C.
and Cycla®
Proof Load For bonded structures and Same as for units, but only

structures made of composite
material, or having sandwich
construction: 1.1 times limit
load.

tested at subsystem level.

Proof Pressure

For pressurized structures, 1.1
times the MEOP. For pressure
vessels and other pressure

components, comply with MiL-

STD-1522.

*See Tables V and VI.
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7.1.2 Acoustic Envirgnment, Acceptance Tests. The acceptance test

acoustic spectrum shall be the maximum expected environment (3.3.4), but rot
less than the minimum free-field spectrum in Figure 4, The mmnmum duration of
the acceptance acoustic test is 1 minute. .

7.1.3 VYibration Environment, Acceptance Tests. The acceptan’ce test random

vibration spectrum shall be the maximum expected environment (3.3.5}, but not
below the minimum spectrum in Figure 5 for a unit or below the minimum
spectrum in Figure 6 for a vehicle. The minimum spectrum for a unit whose mass
exceeds 23 kilograms (50 pounds) should be evaluated on an individual basis. The
acceptance sinusoidal vibraion amplitude, if significant, shall be that of the
maximum expected sinusoidal vibration environment (3.3.6). When concurrent
random and sinusoidal vibration during service life (3.5.6) can be .iiore severe than
either considered separately, an appropriate combination of the two types of
vibration should be used for the test. The minimum duration of the acceptance
random vibration test shall be 1 minute for each of 3 orthogonal axes.

7.1.4 Storage Tests: Vehicle, Subsystem, or Unit Acceptance. Storage test

requirements consist of appropriate testir.3 after storage (such as vibration,
thermal, and static load or pressure) based on the vehicle design, and the duration
and conditions of storage. Items having age-sensitive material may require periodic
retesting and those having rotating elements may require periodic operation.

7.2 YEHICLE ACCFPTANCE TESTS

The vehicle acceptance test baseline shall inciude all the required tests
specified in Table Xil. The "other” tests {3.5.4) deemed applicable, and any
special tests for the vehicle element (such as alignments, instrument calibrations,
antenna patterns, and mass properties) shall also be conducted as part of
acceptance testing. If the vehicle is controlied by on-board data Jrocessing, the
flight version of the computer software shall be resident in the vehicle computer
for these tests. The verification of the operational requirements shall be
demonstrated in these tests to the extent practicable.

7.2.1 Functiopal Test, Vehicle Acceptance

7.2.1.1 Purposs. The functional test verifigs that the electrical and
mechan’cal performance of the vehicle meets the performance requurements of the

specifications and detects any anomalous condition.

7.2.1.2 Mechanical Functional Test. Same as the mechanical functioral test

for vehicie quelification (6.2.1.2), except tests are only necessary at nominal
operationgl conditions.
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FIGURE 4. Minimum Free-iield Acoustic Spectrum,
Vehicle and Unit Acceptance Tests.
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TABLE Xll. Vehicle Acceptance Test Baselina.

TEST REFERENCE | SUGGESTED L_AUNCH UPPER SPACE
PARAGRAPH | SEQUENCE | VEHICLE | STAGE | VEHICLE
Inspection’ 4.4 1 R R R
Functiona!’ 7.2.1 2 R R R
Pressure/Leak 7.2.6 3,7,10 R R R
EMC 7.2.2 4 - 0] 0]
Shock 7.2.3 5 0] C o]
Acoustic 2 7.2.4
or : or 6 0 R R
Vibration } 7.2.5 }
Thermal Cycle 7.2.7 8 () 0 O
Thermal Vac3 7.2.8 9 0 R' R
Storage 7.1.4 any 0 0 o)

All vehicle qualification requirements to be specified by the procuring
agency (4.1). Symbols (10.2.1.3) indicate the following:

R = baseline requirement (high probability of being required)

O = "other” (low probability of being required; 3.5.4)

— = not requi:ad (negligible probability of being required).

Notes: 1 Required before and following each test as appropriate. Include
special tests as applicable (7.2).
2 Vibration conducted in place of acoustic test for a compact vehicle,
typically with mass less than 180 kg (400 Ib). :
3 Requirements modified if thermal cycle test (7.2.7) conducted.

7.2.1.3 Electrical and Fiber-optic Circuit Functional Test. Same as the

electrical functional test for vehicle qualification (6.2.1.3), except that tests are
limited to critical functions and are only necessary at nominal operational
conditions. The final ambient functional test conducted prior to shipment of the
vehicle to the launch base provides the data to be used as success criteria during
launch base testing. For this reason, the functional test should be designed so tha
its critical features can be duplicated, as nearly as practicable, at the launch base.
The results of all factory functional tests, and of those conducted at the launch
base, shall be used for trend analysis.

7.2.1.4 Supplementary Requirements. Same as 6.2.1.4.
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7.2.2 Electromagnetic Compatibility (EMC) Test, Vehicla Acceptance. Limited

EMC acceptance testing shall be accomplished on vehicles to clieck on marginal
EMC compliance indicated during vehicle qualification testing and to verify that
major changes have not occurred on successive productian equipment. The limited
tests shall include measurements of power bus ripple and peak transients, and
monitoring of seiected critical circuit parameters.

7.2.3 Shock Test, Vehicle Acceptance

7.2.3.1 Purpose. The shock test simulates the dynamic shock environment
imposed on a vehicle in flight in order to detect material and workmanship defects.

7.2.3.2 Test Description. Same as 6.2.3.2, except that the dynamic
instrumentation may be reduced. ,

7.2.3.3 Jest Activations. Shock acceptance testing of vehicles shouid bs
performed in those instances deemed advisable due to saverity of the environment
or susceptibility of the design. One activation of those events causing significant
shocks to critical and shock sensitive units should be conducted. Firing of both
primary and rodundant explosive-ordnance devices is required in the same
relationship as they are to be used in flight. However, when the structure is
explosively severed, as in the case of a shaped charge, such testing is
discretionary. To aid in fault detection, the shock test should be conducted with

subsystems operating and monitored to the greatest extent practicable.

7.2.4 Acoustic Test, Vehicls Acceptance

7.2.4.1 Purpose. The acoustic test simulates the flight or minimum
workmanship-screen acoustic environment and the induced vibration on units in
order to expose material and workmanship defects that might not be detected iri a
static test condition. It also serves as an acceptance test for functional
subsystems, units, and interconnaction items that have not been previously

acceptance tested.

7.2.4.2 T{saat Daescrintion. Same 8s 6.2.4.2, except that the dynamic
instrumentation may be reduced.

7.2.4.3 Taat Lavel and Duration. The acoustic snvironment shall be as

defined in 7.1.2. Operating time for launch operating elements should be divided
approximataly equally between redundant units. Where insufficient time is
available to test redundant units, functions, and modes that are operating during
the launch, ascent, or reantry phase, extended testing shall be at a level no lower

than 6 dB below the acceptance level,
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7.2.4.4 Supplementary Bequirements. Same as 6.2.4.4, except only units

that are operating or pressurized during launch, ascent, or reentry phase need be
energized and sequenced through operational modes.

7.2.5 Yibration Test, Vehicle Acceptance

7.2.5.1 Purpose. Same as 7.2.4.1. The vibration test may be conducted in
lieu of an acoustic test (7.2.4) for a compact vehicie which can be excited more
effactively via interface vibration than by an scoustic field. Such vehicles typically
have a mass below 180 kilograms (400 pounds).

7.2.5.2 Jest Description. Same as 6.2.5.2, except that dynamnc
instrumentation may be reducec.

7.2.5.3 Test Level and Duration. The random vibration environment shall be

as defined in 7.1.3. When necessary to prevent excessive input forces or unit
responses, the spectrum at the vehicle input may be limited or notched, but not
beiow the minimum spectrum in Figure 6. Vibration shall be applied in each of the
3 orthogonal axes as tested for qualification. Where insufficient time is available
to test redundant circuits, functions, and modes that are operating during the
launch, ascent, or reentry phase, extended testing shall be at a level no lower than

6 dB below the acceptance level.

7.25.4 _Sunp_l_g_nmmm_y_ﬂe,qyjmmm Same as 6.2.5.4, except only units

that ara operating or pressurized during the launch, ascent, or reentry phase need
be energized and sequenced through operatiorial modes.

7.2.6.1 Purpose. The pressure and leakage test demonstrates the capability
of fluid subsystems to meet the specified flow, pressure, and leakage
requiramants. \

7.2.6.2 Test Dascription. Same as 6.2.6.2. '\

7.2.6.3 Yest Levels and Durations, \

a. Same as 6.2.6.3a. \L

b. Same as 6.2.6.3b, except only 1 praessure cycle.

7.2.6.4 Supnplementary Requiraments. Same as 3.2.6.4.
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7.2.7 Thermal Cvcle Test, Vehicle Acceptance -
| ¢

7.2.7.1 Purposa. The thermal cycle test detects material, process, and
workmanship defects by subjecting the vehicle to a thermal cycle environment.

7.2.7.2 Test Description. Same as 6.2.7.2.
7.2.7.3 Ie_ﬂ_l.gxg}_gnﬁ_p_um_gn The minimum temperature range shall be

50°C. The average rate of change of temperature from one extreme to the other
shall be as rapid as practicable. Operating time should be divided approximately
equally between redundant circuits. The minimum number of thermal cycles shall

be 4 (Tables V and Vi).

7.2.7.4 s_upp_[gm_e__m_y_ﬂg_q_w_emg_n Same as 6.2.7.4. If the thermal cycle

test is implemented, only one thermal cycla is required in the thermal vacuum
acceptance test spacified in 7.2.8.

7.2.8 Thermal Vacuum Test, Vehicle Acceptance

7.2.8.1 Purposa. The thermal vacuum test detects material, process, and
workmanship defects that would respond to vacuum and thermal stress conditions

and verifies thermal control. : “
7.2.8.2 Tast Description. Same as 6.2.9.2. e
7.2.8.3 Jest Levels and Duration. Temperatures ih various equipment areas

shall be controlied by the external test environment and internal heating resulting
from equipment operation so that the hot {or cold) temperature on at least one unit
in each equipment area equals the acceptance test temperature as definad in
7.1.1. For space and uppar;staga vshicles, the pressure shall be maintained at or
below 13.3 millipasczals (10 Torr). For launch vehicles, the pressure shall be
maintained at equal to or less than the pressure commensurate with the highest

possible service altitude.

Operating time should be divided approximately equally between redundant

circuits. The thermal vacuum acceptance test shall include at least 4 complete \
hot-cold cycles at the maximum predicted orbital rate of temperature change and )
have at least an 8-hour soak &t the hot and cold temperatures during the first and
last cycles. For intermediate cycles, the soak duration at each temperature
extreme shall be 4 hours minimum. The soak duration shall be extended as
. necessary 0 test flight operational conditions including redundancy. If the

alternate thermal cycle test (7.2.7) is conducted, then only 1 hot-cold thermal
vacuum cycle shall be cenducted with an 8-hour minimum soak duration at hot and

cold temperatures (Tables V and V).
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During one cycle, thermal equilibrium shall be achieved at both hot and cold
temperatures to allow collection of sufficient data to verify the funntion of any
thermostats, louvers, heat pipes, electric heaters, and to assess the control
authority of active thermal subsystems.

7.2.8.4 Supplementary Reguirements. Same as 6.2.9.4, except that the

gcceptance temperature limits apply. Performance within specification is not
required at temperatures beyond the maximum and minimum expected

temperatures.

7.3 SUBSYSTEM ACCEPTANCE TESTS

Except for pressurized subsystems, subsystem-level acceptance tests are
considered discretionary. These tests can be effective since failures detected at
this level usually are much less costly to correct than are those detected at the
vehicie level. Also, certain acceptance tests should be conducted at the
subsystem level where this level provides a more perceptive test than would be
possible at either the unit or vehicle level. The desirability of conducting these
subsystem acceptance tests should be evaluated considering such factors as

a. The relative accessibility of the subsystem and its units.

b. The retest time at the vehicle level,
c. The cost and availability of a subsystem for testing of spare units.

When subsystem level tests are performed, the test requirements are usually based
on vehicle-level test requirements.

7.3.1 Proof Load Test. Structural Subsyztem Acceptance

7.3.1.1 Purpasa. The proof load test shall be required for all bonded
structures, and structures made of composite material or having sandwich
construction. It detacts material, process, and workmanship defects that ‘would
respond to structural proof loading. The proot load test is not required if a proven
nondestructive evaluation method, with well established accept and rejsct criteria,

is used.

7.3.1.2 Jest Deacriptions. Same as 6.3.1.2, except that every structural
elemant shall be subjected to its proof load and not to higher loading.

7.3.1.3 Test Level and Duration

a. Static Load. Unless otherwise specified, the proof lcad for flight
items shall be 1.1 times the limit load (3.4.6).
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b. Duretion. Loads shall be applied as closely as practicable to actual
flight loading times, with 8 minimum dwell time sufficient to record

test data.

7.3.2 Prcof Prossure Test, Pressurized Subsystem Acceptance

7.3.2.1 Purposs. The proof pressure test detects material and workmanship
defects that could result in failure of the pressurized subsystem.

7.3.2.2 Jest Description. Same as 6.4.8.2a.
7.3.2.3 Igﬂ_l.md_ﬂummn Same as 6.4.8.3b.
7.4 UNIT ACCEPTANCE TESTS

The unit acceptanca test baseline consists of all the required tests specified in
Table Xlil. Any special tests, and the “other” tests (3.5.4) deemed applicable,
shall also be conducted as part of acceptance testing.

Unit acceptance tests shall normally be accomplished entirely at the unit level.
Acceptance tests of certain units (such as solar arrays, interconnect tubing, radio-
frequency circuits, and wiring harnesses) may be partially accomplished at higher

levels of assemnbly.

Where units fall into two or more categories of Table Xlil, the required tests
specified for each category shall be applied. For example, a star sensor may be
considered to fit both "Electrical and Electronic Equipment” and "Optical
Equipment” categories. In this example, a thermal cycle test would be conducted
since it is required for slectronic equipment, even though there is no requirement
for thermal cycling of optics. Similarly, an electric motor-driven-actuator fits both
“Electrical and Electrical Equipment” and "Moving Mecharnical Assembly”
categorias. The formar makes thermal cycling a required test, even though this is
an "other” tost (3.5.4) for the moving mechanical assembiy category.

7.4.1 Functiona! Test, Unit Accaptance

7.4.1.1 Purposa. The functional test verifies that the electrical and
mechanical performance of the unit meets the specified operational requirements of

the unit.

7.4.1.2 Jest Dascrintion. Same as 6.4.1.2.

t3. Same 88 6.4.1.3.

7.4.13
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7.4.2.4 Supplemantary Bequirements. Same as 6.4.2.4, except that units are

only required to meet their perforrance requirements within specufncatuon over the {
maximum expacted tamparature ranga.

7.4.3 Thermal Vacuum Test, Unit Acceptancy

7.4.3.1 Purpose. The thermal vacuum test uetects material and werkmanship
defaects by subjecting the unit to a thermal vacuum environment.

7.4.3.2 Yest Description. Same as 6.4.3.2, except that the spece nuclear
radiation environment.need not be simulated. ,

7.4.3.3 Iﬁm.gmmmwm

a. Pressura. The pressure shall be reduced from atmospheric to 13.3
millipascals {10 Torr) for on-orbit simulation, or to the functionally
sppropriate reduced pressure, at a rate that simulates the ascent
profile, to the extent practicable. For launch vehicle units, the
vacuum pressure shall be modified to reflect an aititude consistent

- with the maximum service altitude. For units that are proven to be
free of vacuum related failure mcdes, the thermal vacuum acceptance
test may be conductad at ambient pressure.

b. Jemsarature. The hot and cold tempaeratures shall be the accaeptance '
temperature limits (7.1.1).

c. Duration. The basic requireament, except for electrical and electronic
units, is a single cycle with 6-hour hot and cold soaks (Table VI). For
electrical and electronic units, a minimum of 4 thermal vacuum cycles
shall be used (Table VI). Temperature soak curations shall be at least
6 hours at the hot temperature and $ hours at the cold temperature
during the first and last cycle. During the two intermediate nyclss,
the soaks shall be 1 hour long. During each soak period, ¢ha unit shall
be turned off until the temperature has stabilized and theri turniad on.
Messurement of temperature sozk durations (3.5.10) shali begin at

the time of unit turn-on (Figure 1).

7.4.3.4 Supplementary Requiraments. Functional tests shall be conductad at

the hot and cold temperaturas during the first and last cycle, and after return of
the unit to ambient temperature in vacuum. During the remainder of the test,
electricel and elactronic units, including all redundant circuits and paths, shall be
cycled through various operatinnal modes. Perceptive parameters shall ba
monitored for failures and intermittents to the maximum extent practicabls. Units
shell meat their performance requirements cver the maximum expected
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temperatura range. Unite shall be operated over the entire acceptance temperature
range, although performance within specification is not required if the acceptance
test temperatures extend beyond the minimum or maximum expected

temperatures. .

For moving mechanical assemblies, performance parameters, such as current
draw, resistance torque or force, actuation time, velocity or acceleration, shall be
monitored. Compatibility of thrusters with their operational fluids shall be verified

at test temperature extremes.

7.4.4 Vibration Test, Unit Acceptance

7.4.4.1 Purpose. The vibration test detects material and workmanship
defacts by subjecting the unit to a vibratir n environment.

7.4.4.2 Teat Description. Same as 6.4.4.2, except that attached hydraulic
and pneumatic lines are not required. Units mounted on shock or vibration
isolatcrs shall normally be tested hard mounted to assure that the minimum
spectrum shown in Figure 5 is input to the test item.

7.4.4.3 Tost Level and Duration. The vibration environment shall be as

defined in 7.1.3. The minimum spectrum is shown in Figure 5. Where insufficient
time is available to test all modes of operation, extended testing at a level no lower
than 6 dB below the acceptance test level shall be conducted as necessary to

complete functional testing.

7444 innnlmmy_ﬁg_mﬂmmgm; Same as 6.4.4.4 and if the dynamic

test configuration (unit and fixture) changes from the qualification configuration,
then the fixture evaluation (6.4.4.5) shall be repeated before testing to acceptance

ievels.

7.4.4.5 Special Considerations for Isolators. All isolators shall be lot tested in

at least one axis, with rated supported mass, to verify that dynamic amplification
and rescnant frenquency are within aliowable limits. Test inputs may either be the
maximum expected random vibration leve! applied for at least 15 seconds, or be a
reference sinusoidal input having a frequency sweep rate not greater than 1 octave

per minuts.

7.4.5 Acoustic Test, Unit Acceptanca

_ 7.4.5.1 Purpose. The acoustic test detects material and workmanship
defects by subjecting the unit to an acoustic environment.

7.4.5.2 Test Rascrintion. Same as 6.4.5.2.
88
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7.4.5.3 Yest Level and Q:,gfgxign. The unit acoustic environment shall be as

defined in 7.1.2. Where insufficient time is available during the 1-minute to check
redundant circuits, functions, and modes that are operating during the launch,
ascent, or reentry phase, extended testirg at a level no lower than 6 dB below the
acceptance level shall be conducted as necessary to complete functional testing.

7.4.5.4 Supplementary Reguirements. Same as 6.2.4.4.
7.4.6 Shock Test, Unit Acceptance

7.4.6.1 Purpose. The shock test is intended to reveal material and
workmanship defects in units subject to high-level shock environments in flight.

7.4.6.2 Test Description. The unit shall be attached at its normal points to
the same fixture or structure used for its shock qualification test (6.4.6.2). The
unit shall be electrically energized and monitored. The test technique employed
shall be identical to that selected for its qualification, differing only in level and the
number of repetitions. A functional tast of the unit shall be performed before and
sfter the shock test. The unit shall be electrically energized during the testing.
Circuits should be monitored for intermittents to the maximum extent practicable.

7.4.6.3 Tesi lLevel and Expogure. The shock response spectrum in both

directions of each of 3 orthogonal axes shall be at least the maximum expected -
lavel for that direction. A sufficient number of shocks shall be imposed to meet

the required level in each of these 6 directions at least once.

7.4.6.4 Supplementarv Bequ'rements. A shock acceptance test becomes a

required test (3.5.4) if the maximum expected shock response spectrum in g’s
exceeds 1.6 times the frequency In Mz (corresponding to a velocity of 2.54
meters/second or 100 inches/second). For example, if the maximum expected
shock response spectrum value at 2000 Hz exceeds 3200g, the test is required.

\
7.4.7 Proof Load Test. Structural Unit Accaptance

7.4.7.1 Eum_p_\n The proof load test shall be conducted for all structural
units made from composnta material or having adhesively bonded parts. The proof
load test detects rnatenal process, ar.d workmanship defects that would respond
to structural proof loading. The requirement for the proof load test is waived if a
proven nondestructive evaluation mathod, with well established accept and reject

criteria, is used instead.
7.4.7.2 JYest Dascriptions. Same as 7.3.1.2.
7.4.7.3 Yest Level and Duration. Same as 7.3.1.3.
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7.4.10.3 Jast Levels and Duration.
a. Pressure. Ambient pressure should normally be used.

b. Jemperature. Ambient temperature shall be used for operations if the
test objectives can be met. Otherwise, temperatures representative of
the operational environment shall be used.

c. Duration. The number of cycles shall be either 15 or & percent of the
total number of expected cycles during service life (3.5.6), whichever

is greater.

7.4.10.4 Supplementary Bequirements. Perceptive parameters shall be

monitored during the wear-in test t: detect evidence of degradetion.

7.4.11 EMQ_Ig_g,_um_Ammm Limited EMC acceptance testing shall be

accomplished on units that exhibit emission or susceptibility characteristics, which
may adversely affect vehicle performance, to verify that these characteristics have
not deterioratad from the qualification test levels. The tests shouid be restricted to
only those necessary to evaluate these critical characteristics. .
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SECTION 8

ALTERNATIVE STRATEGIES

The qualification testing in Section & prov.Jdes 8 demonstration that the desig:,
manufacturing, and acceptance testing produces flighs items that rneet
specification reauirements. In a minimum-risk program, the hardware items
subjected to qualification tests are themselves not eligible for flight, since there has
been no demonstration of remasining life from fatigue and wear standpoints. Yet,
programmatic realities of limited production, tight schedules, and budgetary limits
do not always provide for dedicated nonflight qualification items. In response,
strategies have evolved to minimize the risk engendered by this situation. The
three strategies ot combinations thereof, described in this section, may be used &t
the vehicle, subsystem, and unit levels. It should be recognized that these
strategies present a higher risk than the use of standard acceptance tested items
for flight that have margins demonstrated by testing of a dedicated qualification
item. The higher risk of these alternate strategies may be partially mitigated by
enhanced develepment testing and by increasing the design factors of safety.

The strategies are intendcd for use in space vehicle programs that have a very
limited number of vehicles. ' ‘

8.1 SPARES STRATEGY

This strategy does not alter the qualification and acceptance test requirements
presented in Sectios:: 6 and 7. Yet, in some cases, qualificatinn hardware may be
used for fiight if the risk is minimized. In a typical case, the qualification test
program results in a qualification test vehicle that was duilt using units that had
been qualificaticn tested at the unit level. After completing the qualification tests,
the critical units can be removed from the vehicle and the qualification vehicle can
then be refurbished, as necessary. Usually a new set of critical units would be
installed that had only been acceptance tested. This refurbished qualification
vehicle would then be certified for flight when it satisfactorily completes the
vehicle acceptance tests in 7.2. In vehicles where radundant units are provided,
only one of tha redundant units would have beesn qualification tested at the unit
ievel, 80 only it would be removed and replaced. The qualification units that were
removed would be refurbished, as necessary, and would typically be used as flight
spares. Howaever, qualification units that are mission or satety critical (3.2.2)

should never be used for flight.
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8.2 FLIGHTPROOF STRATEGY

With a flightproof strategy, all flight items are subjected to enhanced
acceptance testing, and there is no qualification item. The risk taken is that
has been no formal demonstration of remaining life for the fiight items. This
alleviated to some degree by the fact that each flight item has met requireme
under acceptance testing at higher than normal levels. The test levels are m
less than those specified in Section 6 for qualification, but are never less tha
those specified in Section 7 for acceptance. The test durations for the flight
test strategy are the same as those specified for acceptance. It is recommer
that development testing be used to gain confidence that adequate margin,
especially in a fatigue or wear sense, remains after the maximum allowed
accumulated acceptance testing at the enhanced levels.

8.2.1 Vehicle Flightproof Tests. The vehicle flightproot tests shall be

conducted as in 7.2 (Table Xll), with the following modifications:

a. The vehicle shock test shall be conducted as in 6.2.3 for the fir
flight vehicle. For subsequent vehiclas, only 1 activation of sig!
events is required (7.2.3).

b. The vehicle acoustic and random vibration tests shall be condui
in 7.2.4 and 7.2.5, except that the test leve! shall be 3 dB abo\
acceptance test environment (7.1.2 and 7.1.3). For the first fii
vehicle, the tests shall be conducted witl: power on, to the exte

practicable.

c. The vehicle thermal vacuum tests shall be conducted as in 7.2.!
except that the hot and cold temperatures shal! be 5°C beyond
acceptance temperatures for units (7.1.1).

The vehicle thermal balance test shall be conductad on the first
vehicle &8s in 6.2.8,

e i R T
a

o.' If 8 thermal cycle test is conducted as in 7.2.7, then the minim
vehicle temperature range shall be “,0°C.

pE I

f. EMC tests shall be conducted as in 6.2.2 for the first flight veh
For subsequent vshicies, the EMC test of 7.2.2 shall be require

9. Ths riodal survey shall be conducted as in 6.2.10 on the first f
vehicle.

i T L

4
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8.2.2 Subsystem Flichtoroof Tests. The subsystem flightproof tests shall be

conducted zs in 7.3. In addition, a proof load test shall be conducted on all
structures in the structural subsystem. The proof load shall be equal to 1.1 times

the limit load. ‘

'8.2.3 Unit Flightoroot Tests. The unit fightproof tests shall be conducted as

in 7.4 (Table X!il), with the following modifications:

8. For the first flight unit only, the shock test shall be conducted as in
6.4.€, except that the shock leve! shall ba 3 dB sbove the acceptance
test level, echieved once in both directions of 3 axes. For subsequant
unitg, tha shock test shall be conducted if required as described in
7.4.6, except that the shock test level shall be 3 dB above the

acceptance test level.

b. Vibration and acoustic tests shali be conducted as in 7.4.4 and 7.4.5,
except that the test level shall be 3 dB greater than the acceptance

test laval {(7.1.2 and 7.1.3).

The unit thermal vacuum tests shall be conducted as in 7.4.3, except

that the hot end cold temperstures shall be 8°C beyond the
acceptance test temperatures (7.1.1). For the first flight antenna and
solar array units, this therrmal vacuum test shall be required.

d. The unit thermal! cycla tests shall be conducted as in 7.4.2, except
that the hot and coid temperatures shall be 5°C beyond the

sccoptance test temperatures (7.7.1).

e. The unit EPAC test shall be conducted on tha first unit as in 6.4.11.

The unit flightproof test spproach shell not be allowed for pressure vessels,
pressure components, structursl components with a low fetigue margin, and
nonrechargeabls batterics. Thoze units shall follow v normal gualification and
ecceptance progrem g8s specified in Sections 6 snd 7.

8.3 PROTOQUALIR

With a protoquasiification strategy, 8 modified qualification (protoqualification)
is conducted on a single item snd that test item is considered to be avsilable for
flight. The norma! scceptance program in Saction 7 is then conducted on all other

flight liems.
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8.3.1 Vebhicle Protoguelification Tests. The protoqualification tests shall b

conductad s in 6.2 (Table Vill), with the following modifications:

a.

8.3.2

The shock test shall be conducted as in 6.2.3, except that only 2
repetitions of activated events are required.

The acoustic or random vibration tests shall be conducted as in 6.
and 6.2.5, except that the duration factors shall Le 2 (instead of 4
and the level margin for the fliight environment shall be 3 dB (inste.
of 6 dB typically) in place of tive requirements in 6.1.4. (f tha test
accelerated (6.1.4.2), the time reduction factor shall be based on 1
reduced level margin per Table VII. :

The thermal vacuum test shall be conducted as in 6.2.9, except tk
the hot and cold temperatures shall be 5°C beyond the acceptance
temperatures for units (7.1.1) and the number of cycles shail be h
of those in Table VI.

If the alternate thermal cycle tast is conducted as in 6.2.7, then tt
minimum vehicle temperatuie range shall be 60°C and the number
cycles shall be haif of those in Table Vi.

Subaystem Protoquslification Yasta. The subsystem protoqualifica

tests shall be conducted as in 8.3.1, excent that the structural subsystem tests
shall be conducted as in 6.3 (Table I1X) with an ultimate load test factor of 1,28
No detrimental deformation shall be sllowed during the test. In addition, the
design safety factor for ultimate shall be 1.4 and the design safety factor for yi
ghall be 1.25. _

833

i . The protoqualification unit tests shall

conducted as in 6.4 (Table X), with the following mcdifications:

The shock test shall be conducted as in 6.4.6, except that only 2
repetitions and only 8 3 dB level margin for the flight enwronmsnt
(instead of 6 dB typically, Table IV; shall be required.

The random vibration or acoustic tests shall be conducted as in 6.
and 6.4.5, except that the duration factors shall be 2 (instead of 4
and the level margin for the flight environment shall be 3 dB (inste:
of 8 dB typicsily). If the test is accelerated (6.1.4.2), tha time
reduction factor ghall be based on the reduced level margin per Tal
Vil.
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c. The thermal vacuum tests shall be conducted as in 6.4.3, except that
the hot and cold temperatures shall be 5°C beyond the acceptance
temperatures for units {7.1.1) and the number of cycles shall be half
of those in Table VI.

s A TN R

d. Ths thermal cycle tests shall be conducted as in 6.4.2, except that
the hot and cold temperatures shall be 5°C beyond the acceptance
tempearatures for units (7.1.1) and the number of cycies shall be half
of thosa in Table VI.

8.4 COMBINATION TEST STRATEGIES

Various coinbinations of strategy may be considered depending on specific
program considerations and the degres of risk deerned acceptable. For example,
the protoqualification strategy for units (8.3.3) may be combined with the
flightproof strategy for the vehicle (8.2.1). In other cases, the flightproof strategy
would be applied to soma units (8.2.3) peculiar to a single mission, while the
protoqualification strategy may be applied to multi-mission units (8.3.3). In such
cases, the provigions of cach method would epply and the resultant risk would be
increasac ~urespondingly.
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SECTION 9

PRELAUNCH VALIDATION AND OPERATIONAL TESTS

9.1 PBELAUNCH VALIDATION TESTS, GENERAL REQUIREMENTS

Prelaunch validation testing is accomplished at the factory and at the laun
base, with the objective of demonstrating launch system and on-orbit system
readiness. Prelaunch validation testing is usually divided into two phases:

Phase a. Integrated systam tests (Step 3 tests, MIL-STD-1833).

Phase b. Initial operational tests and evaluations (Step 4 tests,
MIL-STD-7833).

During Phase a, the test series establishes the vehicle baseline data in the
factory preshipment acceptance tests. All factory test acceptance data shoui
accompany delivered flight hardware. When the launch vehicle(s), upper-stag
vehicle(s), and space vehicle(s) are first delivered to the launch site, tests sha!
conducted &s required to assure vehicle readiness for integration with the otht
vehicles. These tests also verify that no changes have occurrad in vehicle
parameters as a result of handling and trensportation to the launch base. The
launch vehicle(s), upper-stage vehicla(s), and space vehicle({s) may each be
delivered as 8 complets vehicle or they may be delivered as separate stages ai
first assembled at the launch site as a complete launch system. The prelaunc!
validation tests are unique for each program in the extent of the cperations
necessary to ensure that all interfaces are properly tested. For programe that
a complete vehicle to the launch site, these tests primarily confirm vehicle
performance, check for transportation damage, and demonstrate interface

compatibility.

During Phase b, initial operational tests and evaluations (Step 4 tests) are
conducted following the integrated system tests to demonstrate successful
integration of the vehicles with the launch facility, and that compatibility exist;
between the vehicle hardware, ground equipment, computer software, and wit
the entire launch system and on-orbit system. The point at wnich the integrat
system tests end and the initial operational tests and evaluations begin is
somewhat arbitrary since the tests may be schedulsd to overlap in time. To t!
greatest extent practicable, the initial operational tests and evaluations are to
exercigs all vehicles and subsystems through evary operational mode in ordor 1
ensure that all mission requirements are satisfied. These Step 4 tests shall be
conducted in an operational environment, with the equipment in its operational
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configuration, by the operating personnel in order to test and evaluate the
effectiveness and suitability of the hardware and software. These tests should
emphasize reliability, contingency plans, maintainability, supportability, and
logistics. These tests should assure compatibility with scheduled range operations

including range instrumentation.

9.2 PRELAUNCH VALIDATION TEST FLOW

Sten 4 testing (MIL-STD-1833) of new or modified ground facilities, ground
equipment, or software should be completed prior to starting the prelaunch
validation testing of the vehicles at the launch bass. The prelaunch validation test
flow shall follow a progressive growth pattern to ensure proper operation of each
vehicle elsment prior 10 progressing to a highar level of assembly and test. In
general, tests should foliow the launch base buildup cycle. As successive vehicles
or subsystems are verified, assembly proceers io the next level of assembly.
Following testing of the vehicles and their interfaces, the vehicles are electrically
and machanically mated and integrated into the launch system. Upper-stage
vehicles and space vehicles employing a recovarable flight vehicle shall utilize a
flight vehicle simulator to perform machariical and electrical interface tests prior to
integration with the flight vehicle. Following integration of the launch vehicle(s),
upper-stage vehicle(s), and spuce vehicla(s), functional tests of each of the
vehicles shall be conducted to ensura its proper ope.ation following the handling
operations involved in mating. Vehicle cleanliness shall be monitored by use of
witness plates. In ganeral, the Step 4 testing of the launch system is conducted
first, then the Step 4 testing of the on-orbit space system is conducted. !

|
|

During each test, the applicable vehicle(s) should be in their flight configuration
to the maximum extent practicable, consistent with safety, control, and monitoring
requirements. For programs utilizing a recoverabla flight vehicle, the test
configuration shall include any airborne support squipment required for the launch,
ascent, and spacs vshicla deployment phases. This equipmant ghall be
mechcnically and electricslly mated to the space vehicle in its launch configuration.
Whenaver practicable, ground support equipment should havs a floating-point-
ground schema that is connactsd to the flight vahicle single-point ground. lzolation
resistance tests shall be run to verify the correct grounding scheme prior to
connection to the flight vehicla. This raduces the possibility of ground equipment
interferance with vehicle performance. All ground equipment shall be validated
prior to being connacted to any flight hardware, to preciude the possibility of faulty
ground equipment causing damaga to the flight hardware or inducing ambiguous or
invalid data. Test provisions gshall be made to verify integrity of circuits into which
flight jumpars, erm plugs, or enzbls plugs have baen inserted.
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9.4 PRELAUNCH VALIDATION YEST DESCRIPTIONS

The prelaunch validation tests shall exercise and demonstrate satisfactory
operation of each of the vehicles through all of theit mission phases, to the
maximum extent practicable. Test data shall be compared to corresponding da
obtained in factory tests to identify trends in performance parameters. Each te
procedure used shall include test limits and success criteria sufficient tc permit
rapid determination as to whether or not processing and integration of the launi
system should continue. However, the final acceptance or rejection decision, i
most tests, dep2nds upon the results of post-test data analysis.

9.4.1 Functional Tests. Electrical functional tests shal' be conducted that
duplicate, as nearly as practicable, the factory functional tests performed for
vehicle acceptance. Mechanical tests for leakage, valve and mechanism
oparability, and fairing clearance shall be conducted.

9.4.1.1 Simulators. Simulation devices shall be carefully controlled and sl

be permittad only when there is no feasible alternative for conducting the test.

When it is nacessary to employ simulators in tha conduct of prelaunch validatic

tests, the interfaces disconnected in the subsequent replacement of the simulg
with flight hardware shall be revalidated. Simulators shall be used for the

salidation of ground support equipment pricr to connecting it to flight hardware

9.4.1.2 Explosive-ordnancs Firing Circuits. If not performed at an earlier |

in the factory test cycle, validation that proper ignition energy levels are prasen
ezch elactro-explosive device (EED) shall be performed prior to final connection
the firing circuit to the EEDs. A simulation of the EED characteristics snall be u
during these tests. The circuits shall be commanded through power-on, arm, a:
fire cycles. The circuits are to be monitored during the tests to detect energy
densities exceeding ignition threshold during powwr-on and arm cycles, and to
validate that proper ignition energy density is transmitted to the conducting pin:
the EED st the fire command. Circuit continuity and stray energy checks shall |
made prior to connaction of a firing circuit to ordnance devices and this check §
be repeated whenaver that connection is opened and prior to recennsction.

9.4.1.3 Iranszpo M« g. Monitoring for shock an
vibration should bo performed ste minimurn of the forward and sft interfaces
between the shipping container transporter and the article being shipped, and o
the top of tha articla. Maag srements should be on the article side of the interfs
in all three axes at esch location. The monitoring requires a sensing and record
subsystam capable of providing complets time histories of the most severe eve!
as wel! as condensed summarias of the events, including their time of occurran:
A frequency response up to 300 Hz is required. Monitoring should cover the er
shipmant psriod and tha data evaiuated as part of the receiving process. Expos

I
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to shock or vibration having a spectrum above the acceptance spectrum may
require additional testing or analysis.

9.4.2 Propulsion Subsystem Leakage snd Functional Tests. Functional tests

of the vehicle propulsion subsystem(s) shall be cunducted to verify the proper
operation of all units, to the maximum extent practicable. Propulsion subsystem
leakage rates shall be verified to be within allowable limits.

9.4.3 Leunch-criticel Ground Support Equioment Tests. Hardware assoclated

with ground subsystems that are flight critical and nonredundant (such as
umbilicals) shall have been subjected to appropriate functional tests under
simulated functional and environmental conditions of launch. These tests shall
include an evaluation of radio-frequency (rf) interference between system

elemants, electrical power interfaces, and the command and control subsystems.
On a new vehicle design or a significant design change to the telemetry, tracking,
or receiving subsystem of an existing vehicle, a test shall be run on the first vehicle
to ensure nominal operation and that explosive-ordnance devices do not fire when
the vehicle is subjected to the worst-case electromagnetic interference

environment.

944

9.4.4.1 Purpnia. The compatibility test validates the compatibility of the
upper-stage vehicle, the space vehicle, the on-orbit command and centrol network,
and other elements of the space system. For the purpose of establishing the
compatibility testing baseline, it is assumed that the on-orbit command ard contro!
network is (or operationally interfaces with) the Air Force Satellite Control Network
{AFSCN). The compatibility test demonstrates the ability of the upper-stags
vehicle and spacse vehicle, when in orbit, to properly respond to the AFSCN
hardware, software, and opearations team as specified in the AFSCN Program
Support Plan. For programs that have a dedicated ground station, compatibility
tests ghail also be performead with the dedicated ground station.

9.4.4.2 JTest Descrintion. Facilities to perform on-orbit system compatibility
tests exist st the Western Range (WR) and the Eastern Range (ER). At both
locations, there are facilities that can commeand the l2zunch, upper-stage, and space
vehiclas, process talesmetry from the vehicles, as well as perform tracking and
ranging, thus verifying tha system compatibility, the command software, tha
telametry preccessing softwars, and the telematry modes. The required tests

include the following:

8. Verificetion of the compatibility of the radio frequencies and slgﬁal
waveforms used by the flight unit’s command, telemetry, and trecking

Knka.
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b. Verification of the ability of the flight units to accept commands fron
the command and contro! network(s).

c. Verification of the command and control network(s) capability to
receive, process, dicnlay, and record the vehicle(s) telemetry link(s)
required to monitor tre flight units during launch, ascent, and on-orb
mission phases.

d. Verification of the ability of the flight units to support on-orbit trackir
as required for launch, ascent, and on-orbit mission phases.

9.4.4.3 Supplementary Bequiremeonts. The compatibility test should be run

soon as feasibie after the vehicles arrives at the launch base. The test is made
with every vehicle to verify system interface compatibility. The test shall be run
using the software model versions that are integrated into the operational on-orbi:
software of the vehicle under test. A preliminary compatibility test may be run
prior to the arrival of the vehicle at the launch base by the use of prowotype
subsystems, units, or simulators as required to prove the interface. Preliminary
compatibility tests may be run using preliminary software. Normally, 8 preliminar
compatibility test is run once for each series of vehicles to check design :
compatibility, and is conducted well in advance of the first launch to permit oraer
correction of hardware, software, and procedures as required. Changes in the
interface from those tested in the preliminary test shall be checked by the
compatibility tests conducted just prior to launch. Following the completion of tt
compatibility test, the on-orbit command and control network configuration of
software, hardware, and procedures should be frozen until the snace vehicle is in

orbit and initialized.

9.5 FOLLOW-ON OPERATIONAL TESTS
9.5.1 Follow-on Onerational Tests and Evaluations. Follow-on Operational

Tests and Evaluations shill be conducted at the launch site in an operational
environment, with the equipment in its operational configuratio.r. The assigned
operating personnel shall identify operational system deficiencies. (Step 5 in MIL-

STD-1833). \

\

9.5.2 On-orbit Testing. On-orbit testing should be conducted to verify the
functional intagrity of the space vehicle following‘;) launch and orbital maneuvering.
Other on-orbit testing requirements are an importsnt consideration in the design o
any space vehicle. For example, there may be 8 need to calibrate on-line
equipment or to verify the operational status of o&-line equipment while in orbit.
However, on-orbit testing is dependent on the built-in design features, and if
testing provisions were not provided, the desired tests cannot be accomplished.
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On-orbit tests are, therefore, so program peculiar that specific requirements are not
addressed in this Standard. '

9.5.3 Jeste of Reussbig Flight Hardwara. Tests of reusable flight hardware

shall be conducted as required to achieve a successful space mission. Reusable
hardware consists of the vzhicles and units intended for repeated missions.
Airborne support equipment, that performs its mission while attached to a
recoverable launch vehicle, is an example of a candidate for reuse. The reusable
equipment would be subjected to repeated exposure to test, launch, flight, and
recovery environments throughout its service life. The accumulated exposure time
of equipment ratained in a recoverable vehicle and of airborne support equipment is
a function of the planned number of missions invoiving this equipment and the
retest requiremants between missions. The environmental exposure time of
airborne support equipment is further dependent on whether or not its use is
required during the acceptance testing of other nonrecoverable flight equipment.

In any cass, the service life of reusable hardware should include all planned reuses

and 8ll planned retasting between uses.

The testing requirements for rausable space hardware after the completion of a
mission and prior to its reuse on a subsequent mission depends heavily upon the
design of ths reusable item and the allowable program risk. For those reasons,
specific details are not presented in this Standard. Similarly, orbiting space
vehicles that have completed their useful life spans may be retrieved by means of a
recoverable flight vehicle, refurbished, and rei:sed. Based on present approaches,
it is expected that the retrieved space vehicle would be returned to the
contractor’s factory for disassembly, physical inspection, and refurbishment. Ail
originally specified acceptance tests should be conducted before reuse.
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SECTION 10
NOTES

This Notes section is not a8 mandatory part of this Standard. The contents of
this section are intended for use by government acquisition personnel for guidance

and information only.

10.1 INTENDED USE.

This Standard is intended for reference in applicable program specifications or
in other documents, to establish general test requirements for launch, upper-stage
and space vehicles; and for their subsystems and units (components). The
application of these test requirements to a particular program is intended to assurt
a high level of confidence in achieving a successful space mission. This Standard
is not intended to be used in the acquisition of space system ground equipment
and associated computer software, whose test requirements are outlined in
MIL-STD-1833, "Test Requirements for Ground Equipment and Associated
Computer Software Supporting Space Vehicles® and not included in this documen
DOD-STD-2167, "Defense System Software Development” and DOD-STD-2168,
"Defense System Software Quality Program,” also address computer software.
Test requiremeants for space parts and materials are in their detailed specifications

and not in this document.

10.2 TAILOBRED ARPLICATION.

The technical requirements in each contract should be tailored to the needs of
that particular acquisition. Only the minimum requirements needed 19 provide the
basis for achiaving the program requirements should be imposed. The cost of
imposing each requirement of this Standard should be evaluated against the
benefits. However, the risks and potential costs of not imposing requirements

must also be considered.

Tailoring is a continuing process throughout the acquisition that should be
implemented by the wording used to state the testing requirements.
MIL-HDBK-340, "Application Guidelines for MIL-STD-1540," is a8 companion
document to this Standard that is intended to provide helpful guidance informatior

for tailoring.

10.2.1 Jailoring in the Spacifications. The Standard is organized to provide

self-tailoring of the requirements to various applications when referenced in the
specifications. These features include an organization of requirements by test
categeries, by item categories, by requirec/other/not-required categories, by
weighting factors, and by siternative test strategies. The tailo-ing desired should
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be implemented * - e wording used to state the testihg requirements in the
specifications or  "er applicable contractual documents.

10.2.1.1 Test Categories. The major test categories in this Standa_rd are:

Development tests (Section 5).
Qualification tests {Section 6).

Acceptance tests (Section 7).
Flightproof and protoqualification tests (Section 8).

Prelaunch validation tests (Section 9).
Operational tests (Section 9).

~® a0 oo

The general requiremernts stated in Secticn 4 apply for all of the test categories.

10.2.1.2 ltem Categories. Space systems are composed of items in various
categories including ground equipment, computer software, procedures, personnel,

as well as flight equipment. All items are tested to some degree to assure
successful space missions. The major item categories covered by the testing

requirements in this Standard are:

Vehicles (launch, ﬁpper-stage and space vehiéles; Tables Viil and XiIl).

Subsystems (Tabie IX and 6.3).

a
b

¢. Units (Tahles X and XIlil}.

d. Integrated vehicles (flight vehicle, flight system, and on-orbit system).

. i har | "N : pst3. "Required®, "other”,
and not-requared' tests for each vehvcle catagory are mdacated by an "R", "O°",
and "—", respectively, in Tabies Vill, IX, X, Xil, and Xlil. The foliowing basis has

been used:

8. "Required” tests are the baseline tests that are required by this
Standard because they are generally effectiva.

b. "Other" tests {3.5.4) are those that are usuzlly ineffective and have a
low probability of being required. Such tests must be evaluated on a
caso-by-case basis. If the evaluation shows than an "other” test is
effective, it becomes a “recquired” test for that case.

c. "Not-required” tests are generally ineffective and are not required by
this Standard.

Unless modified by contrast, the contractual compliance requirements include all of
the “required” tests plus all "other” tasts evaluated as required.
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10.2.1.4 Weighting Factors. Even for the required tests, not all of th
requirements have an equal importance or equal weight. To avoid overstat

testing requirements, and hence avoid excessive Costs, or numerous waive
various categories of weighting factors are associated with the requiremen
primary weighting factors that are incorporated in the Standard are:

Weighting factor "a®, “Shall" designates the most important

weighting level, the mandatory requirements. Unless modifiet
contract, the "shall” requirements constitute the firm contract
compliance requirements. Any deviations require the approva

contracting officer.

YWelghting factor "b®, “Shall, where practicable® designates

reguirements or practices at the second highast weighting lev
Aiternative requirements or practices may be used for specific
applications, when the use of the alternative is substantiated
documented technical trude studies. These trade studies sho
made available for review when requested, or provided to the
government in accordance with the contract provisions. Unle
required by other contract provisions, noncompliance with the
where practicable” requirements does not require approval of

contracting officer.

Weighting factor "c®, “"Should™ designates the third weightir

Unless required by other contract provisions, noncompliance 1
these "shoul/d™ requirements does not require documented tec
substantiaticn, and does not require approval of the contractis

officer.

Yeighting factor "d®, "May"™ designates the lowest weightin,

In some casas, these “may” requirements are stated as exam
acceptable practices. Unless required by other contract provi
noncompliance with the *may” requirements does not require
of the contracting officer and does not require documented te
substantiation.

10.2.1.5 Altornative Test Strategies. The application of the alternati

strategies outlined in Section 8 should be based on life-cycle cost conside!
that include the number of units being manufactured, the potential launch
costs of a8 prelaunch failurs, the potential cost of the loss of mission capat
to 8 failure, and other life-cycle costs. The fact that an alternative test st
may have lower testing costs does not mean it provides the lowest life-cy!
Any constraints on the use of tha alternative test strategies must ba stato

contract.
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10.2.2 Teiloring in the Statement of Work (SOW).

10.2.2.1 Tziloring Summary. To make the requirements clear for a particular
contract, and to assist in the tailoring process, the procuring agency may provide a

summary of tailoring requirements. To accomplish this, the procuring agency
should complete either Table XIV or Table XV, or an adaption thereof, and include
one or the other in the contract, usually as a statement of work (SOW) task. Table
XIV can be used when primarily broad, genera’ tailoring of the requirements is
desired, with only a few specific test or test items to be specially treated
differently. Table XV can be used when detailed tailoring of the requirements is
desired. These tables provide @ recommended format for stating changes to the
stringency or applicability of the baseline requirements appearing in the Standard,
relating to the use of "shall” versus "should” and to “required” versus "other”
(3.5.4). The latter pair appear in tables stating the applicability of various tests to
categories of vehicles, subsystems, and units. The implication of these terms is
discussed in 10.2.1.3 and 10.2.1.4. For example, the "fully applicable" degree
may be used to allow the procuring agency to impose the highest level of
stringency for some requirements without being constrained by the baseline
requirements of this Standard. A sample of a completed Table XIV and XV
appears in Tables XVI and XViIl, respectively. Suggested wording for the SOW is

as follows:

"XX. XXX Tailoring of MIL-STD-1540C. Preliminary tailoring of MIL STD-

1540C is provided in the attached Requirements Applicability Matrix. The
contractor shall review these tailorad requirements and provide additional
recommended tailoring and supporting rationale for approval by the

contracting officer.”

10.2.2.2 JYest Plans. Depending on the particular acquisition phass, it may be
gifficult for the procuring agency to identify which "required” and “other" tests are

.most effective for a particular subsystem or test article. In these cases, the

procuring agency may request that the contractor review the "required” and
"other" tests and propose an effective test plan, subject to approval by the
procuring agency. Suggested wordings for the Statement of Work is as follows:

"xx.xxx Raview of Test Plans. Test plans and test procedures shall be

prepared based upon the test requirements stated in the program
specifications and the guidance provided in MIL-STD-1540. Technical
review meetings shall be conducted to present to the procuring agency the
recommended test plans and procedures applicable to each item category.
These presentations shall include tha evaluation of the "required, other
and not-required” tests that form the basis of the test plans.

If the procuring agency wishes to formally review the applicable test plans or

procedures prepared by contractors, requirements for their preparation should be
stated in the Contract Data Requiremants List (CDRL; 10.5).
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TABLE XIV. Requirements Applicability Matrix, General Form.

* The matrix designators are as follows:

*Shall® defines minimum requirements.

- "Should® and "may" language denotes
guidance.

- "Other” test denotes conduct to be

evaluated.

A = Applicable as written

All "should® or "may" language replace
with “shall”,
- All "other® tests changed to "required"”

F = Fully Applicable

tests.
G = Guidance only - Ail information provided as good practi(
N = Not Applicable. - Requirements are not spplicable.

Section

Level of 8. Alternative ;
Assembly Strategies %
or Specific Item al - - gl 5
g |8 I

: (] [ a ' 8
E s < 8 5 § § s 3
3] alo 2l 3
¢ |8 |©o |~ o ® o
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TABLE XV. Requirements Applicebility Matrix, Detailed Form.
(first of 5 pages)

The matrix designators are as follows:

A = Applicable as written

F = Fully Applicable .

G = Guidance only .

N = Not Applicable.

Section
3. DEFINITIONS

4.2 TESTING PHILOSOPHY
4.3 PROPULSION EQUIPMENT TESTS

4.4 FIRMWARE TESTS

4.3.1 Engine LRU Accoptasnca Testing
4.3.2 Engine LRU Quaelification Testing

"Shall® defines minimum requirements.
"Should” and "may” language denotes
guidance. ,

"Other” denotes test that may be required
subject to an evaluation.

.~ All "should® and *may" language replaced

with “shall®,

All "other” tests changed to "required”
tests.

All information provided as good practice.

Requirements are not applicable.

Sub- integrated

Units systems Vehiclas Systsms

(table continued next page)

108

4.5 INSPECTIONS

4.6 TEST CONDITION TOLERANCES

- 4.7 TEST PLANS AND PROCEDURES

4.7.1 Test Plans ' =
b 4.7.2 Test Procedurss

4.8 RETEST

% 4.8.1 During Qualification or Acceptance

¥ 4.8.2 During Prelsunch Validation

£ 483 During Operational Tests and Evalustions

B 4.9 DOCUMENTATION

i 4.3.1 Test Documentation Files

E 4.9.2 Test Data i
3» 4.9.3 Test Log |
|

-
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TABLE XV. Rsquirements Applicablility Matrix, Détailed Form (Continued,
(second of 5 pages)

PR R AR
Saction Units  Sub- Vehicles Inleg
systems Sys!
5.1 GENERAL DEVELOUPMENT TESTS I I
5.2 PMP DEVELOPMENT TESTS AND EVALUATIONS
5.3 SUBASSEMBLY DEVELOPMENT TESTS
5.3 IN-PROCESS TESTS AND INSPECTIONS
6.4 UNIT DEVELOPMENT TESTS
5.4.1 Structural Composits Development Tests
5.4.2 Thermal Development Tests
5.4.3 Shock & Vibration isolator Development
H 5.5 VEHICLE AND SUBSYSTEM DEVELOPMENT TESTS
€.5.1 Mechanical Fit Development Tes:s
5.5.2 Mode Survey Development Tests
5.5.3 Structural Development Tests
554 Acoustic and Shock Development Tests
5.5.5 Tharma! Balance Devslopmant Tests
5.5.6 Transport & Hangdling Davelopment Tests
Wind-tunnel Development Tests

~ 5.5.7

(table continued next page)
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TABLE XV. Requiraments Applicability Matrix, Detailed Form (Continued).
(third of 5 pages) :

Section

GENERAL QUALIFICATION TESTS

Qualification Hardware

Test Levels and Durstions ‘
Thermal Vacuum and Cycle Tests ‘
Acoustic & Vibration Qualification Tests

8.2 VEHICLE QUALIFICATION TESTS - Bascling
o 6.2.1 Functional Test, Vehicle Qualification
6.2.2 EMC, Vehicis Qualification
8.2.3 Shock Test, Vehicle Qualification
6.2.4 Acoustic Test, Vehicle Qualification
6.2.5 Vibrgtion Test, Vehicla Qualification
6.2.68 Pressura and Leakage, Vehicle Qualification
8.2.7 Thermal Cycie Test, Vehicle Qualification
6.2.8 Thermasl Balancs Test, Vehicls Quslification
H 6.2.9 Thermal Vacuum Tast, Vehicle Qualification
6.2.11 Mode Survey Test, Vehicle Quslification
6.3 SUBSYSTEM QUALIFICATICN TESTS - Bassaling
6.3.1. Structural Static Load Test
8.3.2 Vibration Test
6.3.3 Accustic Test
6.3.4 Thermal Vacuum Test
8.3.5 Separation Test
6.4 UNIT QUALIFICATION TESTS - Basaline
6.4.1 Functional Test
6.4.2 Thermal Cycle Test
6.4.3 Therma! Vacuum Test
6.4.4 Vibration Test
8.4.5 Acoustic Test
8.4.6 Shock Test
6.4.7 Leskage Test
8.4.8 Pressure Test
6.4.9 Accsieration Test
6.4.10 Life Test
6.4.11 EMC Test
6.4.12 Climatic Tests

. Sub- . Integrated
Units systems Vehiclas Systems

(table continued next page)
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TABLE XV. Requirements Applicability Matrix, Detailed Form (Continued
(fourth of 5 pages)

PP R
. . Sub- . integt
Section Units systems Vehicles Sygt
7.1 GENERAL ACCEPTANCE TESTS
7.1.1 Temperature Range & No. of Therma! Cycles
7.1.2 Acoustic Environment
7.1.3 Vibration Environmant
7.1.4 Storage Tests -
7.2 VEHICLE ACCEPTANCE TESTS - Baseline
7.2.1 Functional Test
7.2.2 EMC Test
7.2.3 Shock Test
7.2.4 Acoustic Test
7.2.5 Vibration Test
7.2.6 Pressure & Lsakage Test
7.4.7 Thermal Cycle Test
7.2.8 Thermal Vacuum Test
7.3 SUBSYSTEM ACCEPTANCE TESTS
7.3.1 Proof Load Test
7.3.2 Proof Pressure
7.4 UNIT ACCEPTANCE TESTS - Baseline
7.4.1 Functional Test
7.4.2 Thermal Cycle Test
7.4.3 Thermal Vacuum Test
7.4.4 Vibration Test
7.4.%5 Acoustic Test
7.4.6 Shock Test
7.4.7 Leakige Test
7.4.8 Proof Pressure Test
7.4.9 Proof Load Test
7.4.10 Waear-in Tast
7.4.11 EMC Tast

(table continued next page)
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TABLE XV. Requirements Applicability Matrix, Datsiled Form (Continued).
{last of 5 pages)

80 R A T 3

Section ‘ Units Sub-  Vehicles iIntegratad
systems Systems
8.1 SPARES STRATEGY
8.2 FUIGHTPROOF STRATEGY
e 8.2.1 Vehicle Test:;
. B2.2 Subsystam Vests
B 8.2.3 Unit Tests
8.3 PROTOCGUALIFICATION STRATEGY
8.3.1 Vehicls Tests
- 8.3.2 Subsystem Tosts
8.3.3 Unit Tests
8.4 COMBINATION TEST STRATEGIES

9 PRELAUNCH VALIDATION TESTS
9.1 GENERAL REQUIREMENTS

8.2 TEST FLOW '

9.3 TEST CONFIGURATION

9.4 TEST DESCRIPTIONS

9.4.1 Functional Tests : ‘
9.4.2 "~ Propulsion Leakage & Functionas! Tests
N 9.4.3 Critical Ground Support Tests

8.4.4 Compatibility Test, On-orbit Systom
9.5 FOLLOW-ON OPERATIONAL TESTS

) 9.5.1 Operational Tests snd Evaluations
9.5.2 On-orbit Testing
9.5.3 Tests of Rsusable Flight Hardware | | T
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TABLE XVI. Sample of Table XIV, Requirei..ents Applicability Matrix,
General Form.

The matrix designators are as follows:

A = Applicable as written - "Shall” defines minimum requirements.
- "Should" and "may" language denotes
guidance.
- "Other" test denotes conduct to be
evaluated.
F = Fully Applicable - All "should” or "may" language replaced
" ' with "shall®.
- All "other" tests changed to "reyuired”
tests.
G = Guidance only - Allinformation provided as good practice.
N = Not Applicable. - Requirements are not applicable.
Section
Level of 8. Alternative | § 2
Assembly Strategies .§ K
or Specific Item ol - - el 5 7:'
E[€ 1S (8 & F|zs
sE[E |5 |8 | 8 8 .S|%8
$5|S2|SalBu| 5 5 58|38
§8|38[338|88| & £ 5|29
O |8F|OF|<R| = & o |£»
¢ v |8 |~ © @ ® o
Units FlF]F]lFIN]IN]|IN]EF
Subsystams F F F F N N N F
Vshiclas F F A G N N N F
Integrated System F F G G N N N F
Qiher items:
Space Experiment G G G G G G G G
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TABLE XVIl. Sample of Teble XV, Requirements Applicability Matrix,
Detailed Form. (first of 5 pages)

The matrix designators are as follows:
A = Applicable as wriiten - "Shall" defines minimum requirements.
- "Should” and "may" language denotes
guidance.
— - "Other" denotes test that may be required
B subject to an evaluation.
F = Fully Applicable - Al "should” and "may" language replaced
with "shall”®.
- All "other" tests changed to "required”
tests.
G = Guidance only - All information provided as good practice.
N = Not Applicable. - Requirements are not applicable.
N Sub- _ Integrated
Section Units systems Vehicles Systoms
3.  DEFINITIONS A A A A
4.2 TESTING PHILOSOPHY A A A A
4.3 PROPULSION EQUIPMENT TESTS A
4.3.1 Engine LRU Acceptance Testing A
4.3.2 Engine LRU Qualification Testing F
o 4.4 FIRMWARE TESTS G |
’ 4.5 INSPECTIONS A A A A
4.6 TEST CONDITION TOLERANCES A A A A |
4.7 TEST PLANS AND PROCEDURES | A A A A
4.7.1 Test Plans ~ r r r A
4.7.2 Test Procedures \ ¥ 7 F A1
4.8 RETEST \ A A A A §
4.8.1 During Quslificstion or Acceptance F F F At
4.8.2 During Prelaunch Validation | A A 1
483 During Operational Tests end, Evaluations A
49 DOCUMENTATION | ——'—"
4.9.1 Test Documzntation Files [ F L
49.2 Test Osta F F F A §
493 Test Log F F A |
i

{table éontinued next page)
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TABLE XVII. Sample of Table XV, Requirements Applicability Matrix,
Detailed Form (Continued). (second of 5 pages)

—  ——— —
Section Units Sub- Vehicles Intaprate
systems System
! 5.1 GENERAL DEVELOPMENT TESTS A AT AT A
‘ 5.2 PMP DEVECLOPMENT TESTS AND EVALUATIONS r
f 5.3 SUBASSEMBLY DEVELOPMENT TESTS A
o 5.3  IN-PROCESS TESTS AND INSPECTIONS A
! 5.4 UNIT DEVELOPMENT TESTS A
| 5.4.1 Structural Composite Development Tests F
! 5.4.2 Thermal Davelopment Tests A
5.4.3 Shock & Vibration isolator Development A
5.5 VEHICLE AND SUBSYSTEM DEVELOPMENT TESTS e} (e}
f 5.5.1 Mechanical Fit Davelopmant Tests (¢} A
N 5.5.2 Mode Survey Davelopment Tests G F
’ 1 5.5.3 Structural Development Tests A A
5.5.4 Acoustic and Shock Development Tests A F
/ 5.5.5 Thermal Balance Development Tests o] r
A 5.5.6 Transport & Handling Development Tests G A
: ; 5.5.7 Wind-tunnal Development Tests [ A

(table continued next page)
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TABLE XVII. Sample of Table XV, Requirements Applicabiiity Matrix, ‘
Detailed Form (Continued). (third of 5 pages) q
— ‘
. . Sub- . Integrated
Section Units systems Vehicles Systems
6.1 GENERAL QUALIFICATION TESTS A A A
6.1.1 Qualification Hardware A A A
6.1.2 Test Levais and Durations A A A
6.1.3 Therms! Vacuum and Cycle Tests A A A
6.1.4 Acoustic & Vibration Qualification A A A
6.2 VEHICLE QUALIFICATION TESTS - Baseline A
o 6.2.1 Functional Test, Vehicis Qualification A
- 6.2.2 EMC, Vehicle Qualification A
o 6.2.3 Shock Test, Vehicle Qualification A
6.2.4 Acoustic Test, Vehicle Qualification F
6.2.5 Vibration Test, Vehicle Qualification G
6.2.6 Pressure & Leakage, Vehicle Qualification A
6.2.7 Therms! Cycle Test, Vehicle Qualification G
8.2.8 Thermal Balance Tast, Vehicla Qualification A
6.2.9 Thermal Vacuum Test, Vehicls Qualification A
6.2.11 Mode Survey Test, Vehicle Qualificaticn r
6.3 SUBSYSTEM QUALIFICATION TESTS - Baseline . A
6.3.1 Structural Static Load Test A
6.3.2 Vibration Test A (
6.3.3 Acoustic Test A
6.3.4 Trermal Vacuum Test A
8.3.5 Separation Test A
6.4 UNIT QUALIFICATION TESTS - Baseline A
6.4.1 Functional Test A
6.4.2 Tharmal Cyclo Test A
6.4.3 Thermal Vacuum Test A
8.4.4 Vibration Test A
6.4.5 Acoustic Test A
8.4.6 Shock Test A
8.4.7 Leakage Test A
8.4.8 Pressure Test A
6.4.9 Accelerazion Test A
6.4.10 Life Test A
6.4.11 EMC Test A
6.4.12 Climatic Testa A

(table continued next page)
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TABLE XVIl. Sample of Table XV, Requirements Applicability Matrix,
Detailed Form (Continued). (fourth of 5 pages)

. . Sub- . Integratec

» Section Units systems Vehicles Sysrems
7.1  GENERAL ACCEPTANCE TESTS A G A
7.1 Temperaturs Range & No. of Thermal Cycles|] A G A
7.1.2 Acoustic Environment A G A
7.1.3 Vibration Environment A G A
7.1.4 Storage Tests A A
7.2 VEHICLE ACCEPTANCE TESTS - Baseline A
7.2.1 Functional Test A
7.2.2 EMC Test A
7.2.3 Shock Test A
7.2.4 Acoustic Test A
7.2.5 Vibration Test A
7.2.6 Pressure & Leakage Test A
7.4.7 Thermal Cycle Test A
7.2.8 Thermal Vacuum Test A
7.3 SUBSYSTEM ACCEPTANCE TESTS A A
7.3.1 Proof Load Test A
7.3.2 Proof Prassure A
7.4 UNIT ACCEPTANCE TESTS - Baseline A
7.4.1 Functional Test A
7.4.2 Thermal Cycls Test A
7.4.3 ~ Thermal Vacuum Test A
7.4.4 Vibration Test A

H 7.4.5 Acoustic Test A
7.4.8 Shock Test A
7.4.7 Leszkage Test A
7.4.8 Proof Pressure Test A
7.4.8 Proof Load Test A
7.4.10 Waear-in Test A
7.4.11 EMC Test A

(table continued next page)
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Dstalled Form (Continued). (last of 5 pages)

TABLE XVil. Sample of Table XV, Requiremsnts Applicability Matrix,

9

9.1
9.2
9.3
9.4
9.4.1
9.4.2

9.4.3
9.4.4
9.5

9.5.1
9.5.2

9.5.3

Section

SPARES STRATEGY

Sub-

FLIGHTPRCOF STRATEGY

Vehicle Tests
Subsystem Tests

Unit Tests

PROTOQUALIFICATION STRATEGY

Vehicle Tests
Subsystem Tests

Unit Tests

COMBINATION TEST STRATEGIES

PRELAUNCH VALIDATION TESTS
GENERAL REQUIREMENTS
TEST FLOW
TEST CONFIGURATION
TEST DESCRIPTIONS
Functional Tests
Propulsion Leakage & Functional

Tests
Critical Ground Support Tests

Compatibility Test, On-orbit System
FOLLOW-ON OPERATIONAL TESTS

Operational Tests & Evaluations

On-orbit Testing :

Units Vehicle Integrate
systems d
$ Systems
[~ G |
N N N
N
N
N
N N N
N
N
N
G N N
G A
G A
G A
G A
G A
G A
G A
G A
G A
G A
A
A
A | A

Tests of Reusabis Flight Hardware | A |
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10.3 IEST EVALUATION TEAM.

As a cost containment and quality assurance measure, it is strongly
recommended that a joint contractor/procuring agency test evaluation team
established for each cf the major vehicle level tests, particularly the mode s
qualification tast, the thermal balance qualification test, the subsystem stru
static load qualification test, and major separation qualification tests. The t
conductor would typically be the chairman of the Test Evaluation Team. O!
members should be provided by the design organization that will use the re:
by safety, and by quality assurance. The procuring agency should provide ¢
qualified technical representative to the team to perform the usual customei
monitoring of the test and to facilitate the timely approval of technically jus
minor deviations from the test requirements. The members of the team wo
typically change for each test.

Formation of this team would be accomplished by the contract terms, t
as a Statement of Work (SOW) task. Suggestad wording for the SOW is at

follows:

"xx.xxx Joint Agency/Contractor Test Evaluation Team. As a cost

containment and quality assurance measure, the contractor shall e
a test evaluation team for the mode survey qualification test, the t
balance qualification test, and the (any other appropriate tests). T
Evaluation Team shall:

8. Evaluate the adequacy of the test configuration, including
instrumentation, prior to the start of testing.

b. Provide guidance in resolving technical problems and issues ari
during testing.

¢. Expedite the disposition of discrepancies and the approval of
corrective actions, if required.

d. Verify adequacy of the test results.
e. Racommend tear-down of the test setup.

(The procuring agency) will provide a technical representative to th
Evaluation Team to support team activities, monitor the test, and f
timely approval of technically justified or minor deviations from tes!
requirements. In particular, during the mode survey test, the Test
Evaluation Team may deviate from the completeness requirement
modes judged to be unimportant, and from the orthogonality stand:
problem modes. Such deviations require adequate technical justific
and the concurrence of the designated representative of (the procu
agency).”

119




MIL-STD-1540C

10.4 IN-PROCESS CONTROLS.

In-process controls are almost always a more cost-effective way of avoiding
defects than the imposition of tests and inspections on completed units.
Therefore, appropriate in-process controls and other quality management steps
should be imposed to achieve the high-quality and reliability goals of space and
launch systems. The acceptance testing requirements specified in this Standard
are intended to be the last step in assuring the quality of each production item.
When it has been thoroughly demonstrated that the purpose of an acceptance
testing requirement has been met by the in-process controls or other quality
management steps implemented by the manufacturer, the manufacturer should
petition the procuring agency for approval to reduce the test to a sampling test, or

if appropriate, for deletion of the test.

10.5 ROCUMENTATION.

Documents, forms, technical manuals, and data are prepared and distributed in
accordance with the Contract Data Requirements List (CDRL) of the applicable
contract. The data and data items discussed in this Standard are not deliverable

unless invoked by the CDRL or the applicable contract.

The following Data Item Descriptions (DIDs) are among those mcst frequently
used in the Contraci Data Requirements List {CDRL - DD Form 1423) to establish
detail requirements for the preparation of test plans, procedures, and reports.

LDID Number DID Title
DI-T-30714 Master Test Plan/Program Test Plan.
DI-MCCR-80014A  Software Test Plan.

DI-MCCR-80017A  Software Test Report.

DI-ATTS-80041 Test Requirement Document.
DI-QCIC-80511 Installation Test Procedure.
DI-QCIC-80512 installation Test Report.

DI-NDT1-80808 Test Plans/Procedurss.
DI-NDTI-80808A Test/Inspaction Reports.
DI-FACR-80810 Test Facility Requirement Document (TFRD).
DI-ENVR-80861 Environmental Design Test Plan.
DI-MGMT-80882 Structural Test Plans.

DiI-MISC-80946 Launch Vehicle Post-Flight Analysis.
DI-MISC-80963 Reentry Vehicle Data Report.
DI-EMCS-81295 Electromagnetic Compatibility Test Plan.
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10.6 GUIDANCE DOCUMENTS

MIL-HDBK-340

MIL-HDTK-343
MIL-STD-1757
MIL-STD-1795
MIL-STD-1809

DOD-STD-2167
DOD-STD-2168
DOD-E-83578

MIL-A-83577

DMA-TR-84-140

Application Guidelines for MIL-STD-1540; Test
Requiremants for Launch, Upper-stage, and Space
Vehicles.

Design, Construction, and Testing Requirements for
of a Kind Space Equipment.

Lightning Qualification Test Techniques for Aerospac
Vehicles and Hardware.

Lightning Protection of Aerospace Vehicles and
Hardware.

Standard Space Environment for Air Force Space
Vehicles.

Defense System Software Development.
Defense System Quality Program.

Explosive Ordnance for Space Vehicles, General
Specification for.

Assemblies, Moving Mechanical, for Space and
Launch Vehicles.

Satellite Hardness and Survivability; Testing Rational
Electronic Upset and Burnout Effects.

10.7 MAN&QWMEW

The Air Force Operational Test and Evaluation Center (AFOTEC) manages
Force operationa! tests and evaluations (OT&E) as directed or designated in on

its three levels of involvement:

a. Conducts OT&E.
b. Monitors OT&E.
¢. Providas advisory role in the conduct of OT&E.

10.8 SUBJECT TERM (KEY WORD) LISTING

Acceptance
Development
Hardware
inspections
Operationai
Qualification
Records

Software

Test Baseline

Test Plan

Test Procedurd
Test Step

Testing

Test Requiremants
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10.9 CHANGES FROM PREVIOUS ISSUES Marginal notations are not used in

this revision to identify changes with respect to the previous issue due to the
extensiveness cf the changes. The title and content have been changed to show
extension of the test requirements to launch vehicles and-upper-stage vehicles.

o R M TR B b, b oo T O P ot

13 o SRR L A

Custodians ' Prepéring Activity

Air Force - 18 Air Force - 19
(Project No. 1810-F049)
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Accelorsted testing, dynamic qualification 34

Acceleration test, unit qualification 66
Acceleration, maximum pradicted 11
Acceptance test
baseline
levsis & durations, typica! 73
units 85
vehicles 79
general requirements 72
isolator, spacial considerations 89
special tests 35, 53
storage 75
subsystem 83
unit 84
vehicls 75
Acoustic environment
extreme & maximum expected 9
Acoustic tast
acceptence spectrum 75
minimum 76
qualification margin & duration 31
replacement by vibration 40, 50, 78, 81
subgystam qualification 51
tolerances 18
unit
scceptance 83
qualification 62
vehicle
acceptance 80
qualification 39
Airborne support squipment 4
ARernative stratagy 15
combination 96
discussion 105

flightproot 93
protoqualification 94
rationale 82
spares 92
Ambient environment 13
of Standard 1

guidelines in MiL-HDEX-340 121
items covered 104
test categories 1
Burst
design prossure 10
factor 10
Climatic tests, unit quslificstion 68
Combinstion test strotegies 86
Compatibility test, on-orbit systsm 100
Contamination tolerance 13
Cryoganic _
SCCIPLENCO tamperature rangs, units 72
quslification margins, units 57

123

INDEX

thermal uncertainty margins, subsyst
Data item descriptions (DiDs) 120
Development test
acoustic 27
article for 5
mechanical fit 26
mode survey 26
part, material, process (PMP} 24
purpose 23 :
shock 27
shock & vibration isolator 26
structural 26
structural composite 25
subasgsambly 24
subsystem 26 -
thermal 25
thermak balance 27
transportation & handling 28
unit 24
vehicle 26
wind tunnel 28
Discrepancy, test 14
Documaentation
deliverability 120
test data 22
test documentation file 22
test log 22
test procedures 20
Electrical & fiber-optic circuit test
vehicle qualification 36
Electromagnetic compatibility test
launch-critical ground support equiprr
unit
acceptance 91
qualification 68
vehicle qualification 37
Environmental stress screening 32, 59,
Explosive atmosphere test
unit qualification 71
Explogive ordnance
device definition 5
DOD-E-83578 121
slectromagnetic compatibiiity 38
prelaunch validation 99
Ilunch;coriotica! ground support equ

Failure, test item 14
Fairing separation test
subsystem qualification 52
Fatigue 9, 13, 15, 92, 83
ingpection after qualification life tast
life factor 32
structural units 61
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INDEX

life test, unit qualification 67
margin 67
low for structursl units 94
structural qualification 61
thermal cycling 31, 33
Fatigue squivalent duration 32, 39, 60, 61
definition 8
Firmware tegts 17
Flightproof stretegy 93
subsystem tests 94
unit tests 34
vehicle tests 93
Foliow-on oparational tasis 101
reusable flight hardware 102
Functional test
ground support equipment,
taunch-critical 100
prelaunch validation 99
propuision subsysiem
prelaunch vslidation 100
unit
acceptance 84
qualification 53
vehicle
acceptance 75
quaiification 35
Ground support squipment, launch-critical
pralaunch validation tests 100
Guidance documonts 121
Humidity test, unit qualification 63
In-process controls 120
inspactions 17
integrated system tasts 16
isolator acceptance
special congiderations 88
Key word, listing 122
Loskags tast -
propulsion subsystem
prelaunch validaticn 100
quslification 41
unit
scceptancs 980
qualification 64
Life test
moving machanical sssembly
developmant 25
unit qualification 68
Lightning protoction (MIL-STD-1785) 121

. Limit load, dafinition 11

Loads for structural test, definitions 11
Marging, structural
accelorstion test, unit gqualification 68
prassure tast, unit quslificstion 65

124

pressure tast, vehicle qualification 41
static loads, qualification 31
static ioad test, subsystem qualification 50
subsystem protoqualification 95
Margins, thermal (see Thermal margins)
Maximum expacted oparating prassure (MEQOP)
definition 11
Mechanical functional test
vehicle qualification 35
Mode survey tast
devsiopment 26
Test Evalustion Team 119
vehicla qualification 46
Moving mechanicai assembly (MMA)
definition 5
dcnssambly & inspection after life tost 67
margins, maasurement duri.3 thermal vacuum
testing 60 1
MIL-A-83577 121
monitoring during thermal vacuum test 60
multiple categcries 84
performancs moaitoring
unit thermal vacuum acceptance 88
unit gualification, conditions 53, 55
Notes for government use of Standard 103
On-orbit system :
compatibility test 100
follow-on opsrational tests 101
One-of-a-kind equipment, MIL-HDBK-343 121
Operational defiections 11 .
Operationsl modes 13 }
Operational tests and ovaluanons 1,16
managemant 121
*Other" test
definition 13
discussion 104
Prelaunch vglidstion tests 16
gensral regquirements 97
ground support equipment, launch-critical 100
grounding 98
test configuration 98
tost descriptions 99
test flow 88
Pressure & lcakage tests, vehicle
acceptance 81
quslification 40
Pressure component, dafinition 12
Prassurs for structurs! test
burst factor, definition 10
design burst, definition 10
Gasign factor of safaty, definition 10
maximum expected operating, dafinition 11



Pressure test
qualification pressure & dur2tion 41
unit qualification 64
Pressure vessel, definition 12
Pressurized structure, definition 12
Pressurized subsystem, definition 12
Proof
factor 12
test, definition 12
load test, acceptance
structural component 89
structural subsystem 83
pressure test

MIL-STD-1540C

INDEX

pressurized subsystem acceptance 84

unit sccaptance 90

success criteria 12
Propulsion equipment tests 16
Protoqualification strategy

subsystem tests 95

unit tests 95

vehicle terts 95
Qualification tast

acceleration of acceptance. dynamcc tosting

34

scoustic 32
bassline

units 53, 54

vehicles 35
general requirements 30
hardware 30
leveis & durations, genaral 30
margin

definition 13

and durations, typical 31

cryogenic exposure, units 57
required prior testing 30

requirements, muitipla unit categories 53

special tests 35, 53
vibration 32
Rain test, unit quslificaticn 71
Random vibration savironment
extroms & maximum expected 9
Required tests, discussion 104
Reguirements Applicebility Matrix
datailed form 108-112
sample 114-118
general form 107
-—-—sgample 113
Retast 20

during operationz! tests & evz!stions 21

during pralaunch validation 21
during qualification or accaptance 21

125

Reusable flight hardware
definition 5
follow-on operational tests 102
Salt fog test, unit qualification 71
Sand & dust test, unit qualification 70
Separation test
~ subsystem qualification 17, 52
Tast Evaluation Team 119
Service lifa, definition 14
Shock environment
extrame & maximum expectad 10
Shock test
qualification
activations, vehicle 38
levels & number of shocks, tynical
tolerances 18
unit
scceptance 89
qualification 62
vehicle
scceptance 80
Qualification 38
Sinusoidal vibration snvironment
sxtreme & maximum expected 9
Spares stratagy 92
Special tests 35, 53

. Static lo2d tast

quglification load factors 31

subsystem qualification 49

Test Evaluation Team 119
Statistical estimates

requirement for qualification 14

shock, vibration, acoustic environme!
Storage tests, acceptance 75
Structural component, definition 12
Structural test

static load, subsystem qualification .

tolerances 18
Subsystem qualification tests 48
Tailoring 103

examgples 114

se9 Requirements Applicability Matri.
Temperature

maximum & minimum expected 5

range for cycling 72

predictad & texzt ranges, unit 74

stabilization, definition 14
Test

slowable tolerancas 17 18

categories 1

data documsntation 22

discrepancy 14

documentation files 22
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item failurs 14

log 22

plans 17

procedures 19
Test Evaluation Team 119
Testing philosophy 15

INDEX

Thermal balance test, vehicle qualification 43

Test Evsivation Team 119
Thermal control subsystams
marging
active subsystems 8
passive subsystems 6
Thermal cycls (see Thermal cycls test &
Thermal vasuum test)
number related ta temparsture rangs 33
Thermal cycle test
scceptance temperature range 72
cryogenic exposure, units 72
alternative for vehicle qualification 42
basis for qualification 31
combined with thermal vacuum testing 31
moisture condensation 57
elactrical & elsctronic units 58
number of cycles
acceptance 72
effact of teamperature ranges 33
unit queglification 57, 33
tharmal vacuum aktsmative 57
vehicle quslification 42, 33
propuigion units .
cold temperaturs 59
qualification temparature ranges 42
& number of cycles 42
tolerances 18
unit, slectrical and clectronic
accaptance 64
qualification 32, §5
vehicle
scceptance 81
qualification 42
Thermal {atigus 31
Thermsl margins
sctive subsystems 8
cryogenic 7
passive subsystsms €
units
cryogsnic exposurs, quslification §7
marging, summary of typicsi 74

- Therma! sogk durstion, definition 14

Thermai vacuum tast
SCCEPIENCS taMPGrature rangs
& number of cycles 72
sltsrnative for vehicla qualificztion 42

126
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basis for qualification 31
combined with thermal cycle testing 31
number of cycles
qualification, typical 31
effect of changed temperature range 33
propulsion units
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